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Pneumatic Handbook, 6th ed., Ft. H. Warring, Houston: Gulf Pulishing Co., 1982, p. 50 

Cost Effectiveness 


IN TERMS of specific energy requirement the cost of compressed air is somewhat higher than that 
of electricity. However, taken in isolation, direct costs of energy are only part of the overall 
question of cost-effectiveness, which must cover utilization (compressed air systems being suitable 
for some jobs where electricity is not; or in direct competition with electric motors in other cases, 
for example); capital costs and depreciation; overall efficiency; reliability; and operating costs 
(maintenance and labour). Cost-effectiveness aims at optimizing all parameters; and more par- 
ticularly instituting savings when possible. 

It is, for example, possible to achieve near 100% overall efficiency with a compressed air 
installation. This can be done by recovery of the compression heat generated in the production of 
compressed air. 


E.M. Talbott. Compressed Air Systems: A Guidebook on Energy 

and Cost Savings . Atlanta: Fairmont Press, 1986. 77-79. 

4.1.5 Heat Recovery 


Adiabatic compression of air to 100 psi results in out- 
let air temperatures of 350 - 500°F. When this air is cooled to 
ambient temperatures, 60 - 90 percent of the energy of compres- 
sion is removed, and this can be used for other purposes. This 
heat is a low grade source that is available year round whenever 
the plant is in operation. Typical uses of the air include sup- 
plemental space heating, boiler makeup water preheating, or 
process heating. 

If a regular all season use of this low grade heat 
source is available, the heat recovery system efficiency con- 
siderations are of greater importance than the compressor 
efficiencies discussed in section 4.1. Since nearly 80% of 
the input energy is available as heat, the 20% energy content 
of the compressed air is nearly a by-product. In multiple com- 
pressor systems, the compressors could be located near each of 
the locations requiring space heating to minimize the ducting re- 
quirements , air pressure control stability considerations permitting 
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PROCESS FOR TRANSMITTING AND 
STORING ENERGY 

BACKGROUND— FIELD OF THE INVENTION 

This invention consists of an improved method (process) 
of energy storage, whether fleetingly, as in power transmis- 
sion from one point to another, or more lastingly, as in load 
leveling for utilities, for storing solar or wind energy for dark 
or calm periods, or for powering “zero emissions” vehicles. 

BACKGROUND OF THE INVENTION 

Existing energy storage processes, especially those appli- 
cable to powering mandated “zero emissions” vehicles, are 
few. Flywheels are hardly “existing” technology. Electro- 
chemical storage batteries have disadvantages and will be 
discussed later. Systems depending on gravity only work 
when going downhill. Obvious, but not fashionable, alter- 
natives to batteries are compressed gasses, air or steam, as 
a storage medium for energy. For purposes of illustration, 
these processes will be described in the context of a “zero 
emissions” vehicle, as mandated by law in some places. 

Both steam and compressed air have been used for well 
over a century. Fireless railroad locomotives, refilled with 
steam from a stationary boiler, could shunt cars for half a 
day between refills. Compressed air is still widely used as an 
energy storage medium, from air rifles to heavy mining 
equipment, even for utility load leveling in a few cases. At 
least one compressed air car is in use in .loplin. Mo. 

There are two measures of merit which apply. One is the 
amount of useful energy which can be stored in a given 
volume, energy density. Higher is better; it affects the 
"unrefuelled range” of a zero-emissions car. The other 
measure of merit is thermodynamic efficiency, which affects 
the cost of operation. Higher efficiency, lower cost, is better. 
None of the existing vehicles powered by air or steam is 
efficient; they waste energy. Either compressed air or steam 
involves losing heat from the system, hence lower efficiency, 
higher costs. However, to make this clear, there follows a 
comparison of three energy storage processes, as might be 
applied to a zero emissions vehicle. 

For illustative purposes, keeping the engineering chal- 
lenges within the state of the art, assume that temperatures 
may not exceed 600K, a value chosen as metallurgically 
acceptable. Environmental effects must also be considered. 
Exhaust temperatures are limited, as a lower bound, to 
200K, which is still frighteningly cold. Common lubricants 
thicken at such temperatures. Human contact with such 
exhaust would result in frostbite, and, as the cold exhaust 
mixed with ambient air, fog and/or snow would result. The 
same size storage tank is assumed for each system, conve- 
niently 1000 L, 1 m 3 . Such tankage would fit behind the seat 
of a small car, or under the bed of a pick-up truck. A 
specially built vehicle could accomodate more tankage. 

'Hie following calculations make certain assumptions as 
listed. Purists will argue that they are imprecise, but they are 
adequate to compare systems. 

1. Air is an ideal gas. k— 1.4; PV=RT, where R for air is 
0.28 KJ/'(kg-K) or 2.8 L-bar/(kg-K) ; for isentropic 
processes, T,/T 1 =(V 1 /V 2 )* _I ; P,/P 1 =(V 1 /V 2 )*; Work at 
100% eff. is (U 1 -U 2 )=mass(C v )(T 1 -T 2 ). C^O.75 kJ/kg-K 
(It is not constant, but let’s assume it is) The work done to 
compress the air isothermally (impossible in practice, but 
assumed here) is P, Vj In(V 2 /Vj). Ambient air, the intake to 
the compressor, is at 300K, 1 bar pressure, with a density of 
1.18 g/liter. Exhaust pressure cannot be below 1 bar. 
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2. Steam behaves as listed in steam tables. 

3. Efficient expanders (motors) with variable expansion 
ratio and no internal friction are available. (Zero friction is 
impossible, but assuming it treats all the systems equally 

5 with regard to friction losses) 

4. Another assumption, which can be questioned, is that 
all the stored gas is useable. Clearly, as the pressure drops, 
the expansion ratio of the motor must decrease, but assum- 
ing a variable expansion ratio (which may be achieved with 

to valve timing) for comparison purposes, there is no big error 
involved in calculating energy density or efficiency. 
Batteries, of course, cannot be totally discharged, either. 
Process A: Energy storage with dry compressed air. 

The Pneumocon Inc. car, “Spirit of Joplin”, now running 
is in Joplin, Mo., uses air stored at 3000 psi (about 200 bar) and 
ambient temperature, about 300K. The output is throttled, to 
reduce pressure to 33 Bar, still at approximately 300K, but 
if expansion is limited by the temperature of the exhaust the 
power output and efficiency remain essentially unchanged 
20 over a broad range of pressures. A thousand liters of air at 
200 bar would weigh 236 kg. The energy output, ideally, 
would be (236 kg.) (0.75 kJ/kg-K) (300K-200K)=17.7 
megajoules (4.9 kw-hr). The work required to compress the 
air isothermally would be PjVj ln(V 2 /V 1 )=(10 5 N/m 2 ) (200 
25 m 3 ) (-5.52)=110 megaJoules. Efficiency, useful output 
divided by energy input, is 17.7/110 or 16 per cent. (Typical 
industrial compressed air systems rarely exceed 15 percent 
overall efficiency) 

Suppose, in an effort to improve energy storage density, 
30 the pressure is increased to 600 bar, which is acheivable with 
available components. The amount of air stored will triple, 
as will the weight of the tanks, approximately, as the walls 
will be thicker. Now the output will be tripled, to 53 
megaJoules, 14.7 kw-hr, and the input will be 384 mega- 
35 Joules. Efficiency would drop to 14 percent. Since the 
energy density increase is large for a small drop in efficiency, 
high pressures seem desireable. 

Process B: Storing compressed air at 600K. 

A multistage compressor would compress the air until it 
40 reaches 600K, the maximum temperature allowed, then 
compress it isothermally until the pressure reaches 200 Bar. 
The tank will hold only 118 kg of air at that temperature. The 
first compression adds energy to the air (isentropically), 0.75 
kJ/K or 225 KJ/kg, which is 26.6 mcgaJ total for the first 
45 stage. The pressure is 11.7 bar and the volume 17 m 3 . The 
isothermal compression to 1 m 3 and 200 Bar consumes 56.3 
megaJ, for a total of 82.9 megaJ. When the air is expanded 
with a temperature drop of 400K, the energy recovered is 

35.4 megaJ, 9.8 kw-hr, with an efficiency of 43 percent. 
50 During the isothermal compression, about 56 megajoules of 

heat is rejected (since the internal energy, U, of the com- 
pressed air was not increased). 

Suppose we prefer to store the air at 450 bar. We can store 
265 kg of air, 22 kw-hr, but the energy to isothermally 
55 compress the air has risen to 163 megaJ, 189 MJ total input, 
for an output of 79.6 MJ, or an efficiency of about 42 
percent. Again, higher pressures seem better. Since tanks are 
likely to be stronger at 300K than at 600K, the 450 bar and 
600K process and the 600 bar at 300K process are likely to 
60 be comparable in weight. It would seem Process B is 
superior, with higher efficiency and higher energy density. 
Process C: Energy storage in steam. 

The greatest energy density occurs when we fill the tank 
with saturated steam at 600K (maximum temperature 
65 allowed). The pressure is about 1 25 bar, specific volume is 

13.5 L/kg, U=2500J/kg, entropy=5.47. The mass of steam in 
the 1000 L is about 74 kg. Total internal energy, U, is 185 
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megaJoules. Since we started with 74kg. of liquid water at 
300K, which had an internal energy of 8 megaJoules, the 
work required to fill the tank with steam was approximately 
178 megaJoules or 49 kw-hr. 

Now, we need to know how much mechanical energy we 5 
can extract from that steam. The perfect expansion process 
is isentropic; total entropy remains the same. However, we 
know that as the steam does work it will cool, and some will 
condense. (Steam is not an ideal gas) At 1 Bar (exhaust), we 
will have X kg of steam and (74-X)kg. of water, both at J0 
about 373K. Water at that temperature has entropv=1.30 and 
steam has 7.35. X(7.35)+(74-X)(1.30)=74(5.47)'lt follows, 
after a bit of elementary algebra, that the exhaust had 51 kg 
of steam and 23 kg of water. The total internal energy of the 
exhaust is 51 kg(2506 kJ/kg)+23 kg(419kJ/kg)=137.4 mega- 15 
Joules. Subtracting that from the initial cncgy, we find that 
the greatest possible mechanical work we could get from the 
steam system is 40.6 megaJoules or 11.3 kw-hr., and the 
efficiency is only 23 percent. The exhaust is dangerously hot, 
and it cannot be exhausted directly from a vehicle without 7Q 
creating fog and raining on the following vehicles; a big 
condenser is needed. 

Summary of characteristics of the three ideal processes: 



useful output 

efficiency 

fuel cost 

A: 300 K compressed air 

14.7 kw-hr 

14% 

7 

B: 600 K compressed air 

22 kw-hr 

42% 

2.4 

C: 600 K steam 

11.3 Kw-hr 

23% 

4 


Arguably, any of these state-of-the art processes is com- 
petitive with electrochemical batteries. A battery powered 
car typically stores about 20 kw-hr of energy; when that is 
exhausted, it takes hours to recharge the batteries. Power 
output is limited to approximately 200 W per kilogram of 35 
battery, so the power to weight ratio is poor. Compressed gas 
vehicles can release stored energy at much higher rates and 
can be recharged from a stationary "filling station” in 
minutes. 

Relatively inexpensive and non-toxic materials are used 40 
(mainly ferrous metal technology) in the three systems 
described, and there is little to wear out; no expensive 
batteries are used which need periodic replacement/ 
recycling. (The cost of recycling the batteries periodically 
overwhelms the cost of electricity) The impracticality of 45 
electric cars is nicely described in the February 1995 issue 
of Popular Science in an article titled, “It’s The Battery, 
Stupid!” A December 1994 report, “Electric Vehicles”, by 
the U.S. General Accounting Office, concludes, “The ulti- 
mate viability of EVS as a widespread tranportation option 50 
cannot now be ensured.” Economics favor compressed gas- 
ses over electrics, both in low operating cost (no recycled 
batteries) and in first cost; an electric van from Chrysler is 
priced at 5120,000, while an air-powered vehicle need not be 
substantially more expensive than current vehicles; it is 55 
mechanically simple (eg. simple or no transmission, no 
radiator, no ignition system, no catalytic converter, etc.). 

Most of the disadvantages of batteries in vehicles also 
apply to stationary storage schemes. Telephone companies 
use a lot of batteries, now, but it is hard to imagine a public 60 
electric utility load-levelling with batteries. However, large 
storage tanks at elevated temperatures appear to be feasible, 
perhaps underground or under water or in remote locations, 
to allay public fears of an explosion and to minimize real 
estate costs. 65 

Parenthetically, hydrogen-air fuel cells might compete as 
sources of power for vehicles, but there will be “consumer 


resistance” to hydrogen in cars. Will they be allowed in 
tunnels? A fuel-cell powerplant in New York City was 
vetoed by the city fire department. 

SUMMARY OF THE INVENTION 

This invention discloses a process of storing and 
transmitting/converting energy by (a) compressing a work- 
ing fluid, (b) adding a coolant fluid during the compressing 
operation and (c) storing the mixed working and cooling 
fluids in a pressure vessel, and then (d) expanding the stored 
mixture as through a fluid motor to extract energy from the 
compressed mixture. In addition, a further step of (e) con- 
densing and returning coolant fluid may also be utilized. 

Accordingly, several objects and advantages of my inven- 
tion are: 

(a) To provide an energy storage process which is more 
efficient than present methods of energy transmission and 
energy storage, (b) To provide a way to achieve high-density 
energy storage. 

(c) To provide a process which can be scaled for large 
applications (utilities) or small (portable tools). 

(d) To provide a power transmission process (eg. from 
engine to multiple powered wheels or fork lift) which is 
simpler and more convenient than commonly used means, 
such as shafting or conventional hydraulics. 

(e) To provide an energy storage process which requires 
no breakthroughs, uses non-toxic materials and well under- 
stood mechanisms. 

(f) To provide a means of energy storage which can be 
charged and discharged at very high rates. 

(g) To provide a process which, considering capital and 
replacement costs, is more economical than existing meth- 
ods of energy storage, such as batteries. 

(h) To provide for the use of high-pressure gasses without 
the high temperatures associated with high-pressure gasses 
compressed isentropically and without the wasted heat 
energy associated with isothermal compression. 

(i) To provide a process which facilitates heating and 
cooling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a flow chart of the essential process. 

FIG. 2 shows the addition of recycling a coolant. 

FIG. 3 shows a closed-cycle process in which the mixed 
working fluid and coolant are reused — useful for power 
transmission. 

FIG. 4 shows a modification of the process of FIG. 3, in 
which the coolant and working fluid are kept from mixing. 

REFERENCE NUMERALS IN DRAWINGS 

Comparable elements of each process bear the same 
number in each applicable figure. Not shown are valves and 
controls, coolant pumps, etc., which are obvious to anyone 
skilled in the art. 

110: Energy input (eg. a turning shaft) 

120: One or more compressors 

130: Working fluid input to mixer. 

140: Coolant input to mixer. 

150: Mixer 

160: Storage tank or tanks, insulated, as desired. 

170: Expander (eg. motor or pneumatic cylinder) 

180: Exhaust from expander. 
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190: Energy output from expander. 

282: A device for removing coolant droplets from the 
working fluid. 

284: Dry working fluid is exhausted. 

286: Storage tank(s) for recovered coolant. 

386: Storage container(s) for mixture of low-pressure 
working fluid and coolant. 

420: Compressor! s) cooled by coolant. 

421: Conduit for dry working fluid to expander(s). 

422: Conduit for coolant to expander(s). 

481: Conduit for low-pressure working fluid, returned to 
compressor(s). 

482: Conduit for coolant, returned to compressor(s) 

The invention consists of a process in which mechanical 
energy is expended to compress gasses and said energy is 
recovered by passing the gasses through an expander 
(motor) to provide mechanical energy again. The novelty 
lies in the use of two fluids, a fluid with a high heat capacity 
to cool the compressor(s) and a second, working, fluid. The 
cooling fluid may undergo a phase change from liquid to gas, 
absorbing "latent heat of vaporization”, which keeps the 
temperature of the combined compressed gasses lower than 
would be the case if isentropic compression of the working 
fluid were involved. The key point is that the heat absorbed 
by the cooling fluid is not wasted, as it would be with 
conventional (isothermal) compression. Heat from the cool- 
ing fluid is used to counteract the cooling which results from 
the expansion of the working fluid as it drives the motor, 
resulting in a process which is thermodynamically 
reversible, ideally efficient, in contrast to existing fluid 
power systems. (This is not to be confused with humidified 
compressed air, the CASH cycle) 

FIG. 1 illustrates the basic process as a flow chart. One or 
more compressors, 120, are driven by energy input, 110. A 
working fluid (conveniently air), 130, is mixed with coolant 
fluid (conveniently water), 140, in a suitable device, similar 
to devices for mixing fuel and air, 150, and the mixture is fed 
to the compressor. Upon compression, the air gets hotter and 
the water droplets suspended in the air turn to steam, 
absorbing a great amount of heat which would otherwise be 
wasted by the necessity to cool the compressor. The mixture 
of air and water/steam may optionally be stored in an 
insulated tank or tanks, 160, until energy is needed. To 
recover the energy used during compression, the mixed 
gasses are conducted to one or more expanders, 170. As the 
gasses expand, doing work, providing an energy output, 190, 
the gasseous coolant condenses, releasing heat which it 
previously absorbed in the compressor. The exhaust of 
expander(s), 180, is close to the same temperature as the 
fluids fed to the compressor; hence energy lost as waste heat 
is minimal. 

FIG. 2 illustrates a modification of the process in FIG. 1, 
with enegy input, 110, compressors), 120, storage tank(s), 
160, and expander(s), 170. In addition, the exhaust, 180, is 
passed through a filter or particle separator or other means, 
282, to remove the coolant droplets from the exhaust, and 
the dry working fluid is exhausted, 284. The coolant may be 
stored in tank(s), 286, and reused, sent back to the mixer, 
150. This has two beneficial effects; it conserves coolant, 
and it prevents negative effects on the environment which 
might result from releasing a cloud of coolant droplets. 
Again, pumps, controls, valves, etc. which are obvious are 
omitted. 

FIG. 3 illustrates a closed-cycle version of the process, 
with compressor(s), 120, and expanders), 170. The mixed 
working fluid and coolant, 180, are directly recycled, with 
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(optionally) storage tanks, 160 and 386, to accomodate 
variations in flow. This process may be preferred for simply 
transmitting energy from one place to another, but the 
storage capacity will be limited because the low-pressure 
5 working fluid exhausted from the expander(s) will consume 
an inconveniently large volume and the coolant droplets 
may not remain suspended in the working fluid. 

FIG. 4 illustrates a process in which the working fluid and 
the coolant are not mixed but are kept physically separate, 
to with conductive heat transfer cooling the working fluid at 
the compressorts) and heating the working fluid at the 
cxpander(s). The comprcssor(s), 420, are different from 120 
in that they are cooled by circulating coolant (in a “water 
jacket” or intercoolers) which is transfered by insulated 
15 conduit, 422, to the expander(s) 470. The compressed, dry 
working fluid goes to the expander(s) though a separate 
conduit, 421. At the expander 470, the working fluid is 
warmed by the coolant, most conveniently with heat 
exchangers between stages of a multi-stage expander (not 
20 required when the fluids arc mixed). The separate fluids are 
returned to the compressor(s) through conduits, 481 and 
482. It might be advantageous to use alternative fluids in 
special circumstances, aboard spacecraft or submarines, for 
example, where the fluids (eg. helium and a liquid metal, or 
25 various organic substances) would be recycled in a closed 
system. 

Operation 

The operation of the process is illustrated by use for a 
30 zero-emissions vehicle, though the process is amenable to a 
variety of uses. Using the same assumptions as described 
under Prior Art, the superiority of my invention is obvious. 
It can be called “Process D.” The working fluid is air, and the 
coolant is water, resulting in what I call “wet compressed 
35 air” (WCA). 

The use of a mixture of steam and air appears to be novel 
and not obvious, as indicated by the lack of literature 
references to the practice. There are references to warming 
air with steam, to ameliorate the chilling effect of the 
40 exhaust of air tools in mines, but the steam was not gener- 
ated by the compression of the air. Handbooks and texts on 
compressed air technology typically stress the desireability 
of removing moisture from the air, not adding it. It appears 
that the patent classification list has no sub-class for power 
45 plants which mix steam with air in a context which does not 
involve combustion; hence a search turned up no relevant 
patents. 

Process D: Energy storage in WCA. 

This process resembles Process B (in Prior Art), except 
50 that the intercooler is missing. Instead of throwing away 
about half the input energy, the heat of compression is used 
to make steam, which is conserved. Let’s assume water is 
mixed with the air at the compressor as in FIG. 1 and FIG. 
2. As the air is compressed, the temperature increases, 
55 vaporizing the water droplets, so that a mixture of steam and 
air passes to the storage tanks. 118 kg of air is pumped into 
the tank at 600 K, with an increase of internal energy of 26.6 
MJ. However, the mass of air in the tank is less (60+%), 
because there is now steam in the tank, also, from water 
60 boiled during the compression process. The energy used to 
compress the air rises to approximately 66.5 megaJoulcs and 
that energy is making about 30 kg. of steam, with the partial 
pressure of the air approximately 330 bar and the partial 
pressure of steam 125 bar, for a total pressure of 455 bar, 
65 which is feasible. (The mass of the contents is about 115 kg 
less than Process B at 450 bar) The total energy in the tank, 
at 600K, is now about 93 megaJ, the same as the input 
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energy, since no heal was rejected from the insulated system. 
Now, when the mixture is expanded, isentropically, the 
exhaust at 1 bar is at the original temperature, 300K, and no 
energy is lost in the exhaust. The steam condenses to water 
droplets, and the heat released as it condenses expands the 
air, so all the energy is recovered. The compression-boiling 
and expansion-condensation is a thermodynamically revers- 
ible process. TTie energy output is the same as the energy 
input, 93 MJ or about 26kw-hr. The WCA tank and motor 
can be in a vehicle, while the compressors and bulk storage 
tanks are at various filling stations, with quick-disconnect 
hoses to recharge the vehicle, or the vehicle can be a hybrid, 
with an engine and compressor in the vehicle. 

Summary of characteristics of the processes: 



useful output 

efficiency 

fuel cost 

A: 30 OK compressed air 

14,7 kw-hr 

14% 

7 

B: 600K compressed air 

22 kw-hr 

42% 

2.4 

C: 600K steam 

11.3 Kw-hr 

23% 

4 

D. 600 K WCA 

26 kw-hr 

100% 

1 

E. Electric batteries 

20 kw-hr 

85% 

High* 


“The cost of parking at a recharge station and of replacing the batteries 
overwhelms the cost of the electricity. 


Process D, Wet Compressed Air (WCA), is the clear 
winner in energy density, cost, and environmentally harm- 
less exhaust (ambient temperature air with droplets of water 
which can be filtered out and recycled). It is useful over a 
wide range of temperatures and pressures. 

Summary and Ramifications 

The invention improves the efficiency of compressed-gas 
energy transmission/storage by factors of 2-7. The heat 
normally wasted by cooling the gas and compressor is 
retained in a coolant and returned to the gas during 
exepansion, approximating an ideal, reversible thermody- 
namic process. 'Therefore, the cost of compressing the gas, 
the fuel cost, is reduced, making the novel process economi- 
cally and environmentally preferable to other processes for 
storing energy. It is also, generally, safer to use, as a leak will 
exhaust ambient temperature gasses and droplets of coolant, 
innocuous as compared with hot steam, cold air, or battery 
acid. 

A few utilities store off-peak energy with caverns full of 
compressed air and use the compressed air to generate 
electricity during periods of peak usage. The invention 
would make this much more efficient, therefore more eco- 
nomical. Because the energy can now be stored efficiently, 
in relatively low-cost containers, a number of applications 
are feasible. Used in a small scale, the “Process D” could 
power portable tools, lawnmowers, self-launching gliders, 
boats, and the like, with little noise and no pollution. 
Inconstant sources of energy, such as wind turbines, can 
drive compressors, piping the “WCA” to a central storage 
and electric generating facility. This would eliminate the 
considerable difficulties of using a variable-speed turbine to 
generate 60 Hz. alternating current, phase matched with the 
power grid. Because the energy can be stored in insulated 
tanks, it would be more practical to use the wind turbines, 
tidal turbines, a space-based microwave system, solar 
energy, or even internal combustion engines as energy 
sources than is the case now; energy would be available on 
demand, even if the wind was calm, the tide slack, etc. 
Further, “WCA” can be used for space heating in its com- 
pressed form. If heat is rejected before expansion, heating 
something else, the exhaust will be cool and applicable to 
refrigeration or air conditioning. 
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The invention, as illustrated in “Process D”, used in a 
zero-emissions vehicle, can surpass any existing environ- 
mentally benign vehicle in efficiency, low cost, acceleration, 
and fast recharging — minutes rather than hours. By way of 
5 comparison with electric cars, such cars typically store about 
20 kw-hr of energy, with an overall efficiency of perhaps 85 
per cent, so the "unrefuelled” range of a WCA-powered 
vehicle (26 kw — hr) should be at least as good as a state of 
the art electric vehicle. However, the WCA car can be 
to refuelled in less than five minutes (via a quick-disconnect 
hose), vs. hours, and there is virtually no limitation in the 
rate of “discharge”. (The best batteries yeild only about 200 
W per kilogram, which give the electric car a poor power to 
weight ratio) Hence a WCA car with 1000 liters of tankage 
15 (comparable in size and weight to batteries) could outper- 
form any electric car, winning a short race with greater speed 
and acceleration, winning a long race by means of shorter 
“pit stops”. If WCA were supplied by ordinary gasoline 
filling stations, a WCA car could achieve the same range, the 
20 same miles per day in intercity travel, as a gasoline-powered 
car. Relatively inexpensive and non-toxic materials are used 
(mainly ferrous metal technology), and there is little to wear 
out; no expensive batteries which need periodic 
replacement/recycling. In the event of accident, no danger- 
25 ous materials are released, just air and water at ambient 
temperature. WCA energy storage is “environmentally 
friendly.” 'The recycling of automobile batteries, even now, 
is a great concern to EPA and OSHA; yet electric automo- 
biles will multiply those problems a hundredfold. If electric 
30 cars are built in the millions, what will happen to the price 
of lead? (Nickel? Cadmium?) Who will build the new mines 
and smelters to meet the demand for millions of tons of toxic 
metal? How long will it take to get the environmental impact 
assessments approved? How will the millions of charging 
35 stations needed, approximately one per car, be built, and 
who will pay for them? 

In summary, this invention, “WCA”, is a novel technol- 
ogy with distinct advantages over existing methods of 
energy storage. It can be portable or stationary, with a high 
40 effective energy density. It is efficient and economical. It is 
non-toxic and kind to the environment. In the case of a 
transportation system, using WCA-powered vehicles, the 
rapid refill allows a vastly simpler infrasructure for 
“recharging” the vehicles. WCA could be dispensed at 
45 ordinary filling stations, would not requiring parking the 
vehicles for hours at electrical recharging stations. (Even if 
the electricity is cheap, a “wired” urban parking space won’t 
be) WCA can be generated by any means capable of driving 
a pump: eg. off-peak electricity, wind turbines, solar Stirling 
50 engines, natural gas engines, even tidal power. It can be 
stored economically for long periods in insulated tanks and 
lends itself to large-scale energy storage. (A million kw-hr 
storage tank would be inexpensive compared to equivalent 
batteries, and would not require opening new mines and 
55 smelters to provide the toxic materials needed for batteries) 
Consequences of using the WCA process include the fol- 
lowing: 

1. Electric cars will become an historical curiosity, with 
no attractiveness to consumers, since a WCA car will cost 

60 less to buy, cost less to run, and will out-perform an electric 
car. 

2. Considering the total system, power generation, 
distribution, elc., and the lesser infrastructure required to sell 
WCA to the public, WCA will be more efficient, less 

65 polluting, and easier to implement. 

3. It will be more efficient than current load-leveling 
systems, used by a few utilities, which involve storage of dry 
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compressed air, underground. Therefore, the environmental 
effects and costs of large-scale energy storage will be less. 

4. WCA can be applied to wind or solar systems (or even 
space-based microwave energy systems) to store energy and 
would be especially useful in places (the polar regions, 
islands, third world countries, mountain tops) where diesel 
fuel and commercial electricity are hard to get. 

5. WCA can be used for heating and cooling purposes. 

6. WCA can be used in "portable” applications: robots, 
naval torpedos, unmanned aircraft, off-road vehicles (with 
"free” power takeoff for fork lifts, etc.), toys, etc. 

I claim: 

1. A process for storing and transmitting energy compris- 
ing the steps of 

a) compressing a gaseous working fluid with a compres- 
sor apparatus employing input mechanical energy, 
thereby creating heat energy in the working fluid and 
the compressor apparatus, 

b) cooling the working fluid and the compressor apparatus 
by mixing with the working fluid a coolant fluid which 
absorbs heat energy from the working fluid and the 
compressor apparatus while mixing with and being 
compressed with the working fluid, 

c) storing the compressed mixture of working fluid and 
cooling fluid in a pressure vessel, and 

d) withdrawing the compressed mixture from the pressure 
vessel through an expander which extracts mechanical 
energy from the compressed mixture. 

2. The process defined in claim 1, further including the 
step of (e) collecting the cooling fluid from the expanded 
mixture and returning the collected cooling fluid to the 
compressor apparatus. 

3. The process as defined in claim 1, wherein the mixing 
of the working and cooling fluids occurs prior to the intake 
of fluids to the compressor apparatus. 

4. The process defined in claim 1, wherein the working 
fluid is air and the cooling fluid is a phase change fluid which 
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will undergo a phase change expansion thereby absorbing 
heat from the working fluid and the compressor apparatus. 

5. The process of claim 4, wherein the cooling fluid is 
water. 

5 6 . A process for storing and converting energy comprising 

the steps of 

a) compressing a gaseous working fluid with a compres- 
sor apparatus employing input mechanical energy, 
thereby converting the mechanical energy into heat 

to erergy in the working fluid and in the structure of the 
compressor apparatus, 

b) cooling the working fluid and the structure of the 
compressor apparatus during the compressing step by 
mixing with the working fluid a coolant fluid which 

1 ' 1 absorbs as heat of vaporization some of the heat energy 
from the working fluid and from the structure of the 
compressor apparatus while being compressed with the 
working fluid, 

2Q c) then storing the compressed mixture of working fluid 
and cooling fluid to provide a depletable energy source 
in a transportable vessel, and 

d) withdrawing the compressed mixture from the vessel 
through an expander to extract heat energy from the 

25 compressed mixture and to convert the heat energy to 
mechanical energy and also to exhaust some of the 
mixture at a substantially lower state of compression 
whereby at least some of the cooling fluid condenses to 
liquid form. 

30 7. The process defined in claim 6, including the further 

step of (e) collecting the condensed cooling fluid from the 
exhausted mixture and returning the collected cooling fluid 
to the compressor apparatus. 

8. The process of claim 7, including the further step (f) of 

35 collecting the expanded working fluid and returning the 
collected working fluid to the compressor apparatus. 

* * * * * 
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To all i/Tiom 7 / mm/ concern: 

Bo it known that I. A\ ilsox R. Phatt, a citi- 
zen of the United States, residing at Topeka, 
in the county of Shawnee and State of Kan- 
S sas, have invented cer'ain new and useful Im- 
provements in Air-Engines; and I do hereby 
declare the following to be a full, clear, anil 
exact description of the invention, such as 
will enable others skilled in the art to which it 
IO appertains to make ami use the same, refer- 
ence being had to the accompanying drawings, 
and to the letters of reference marked there- 
on, which form a part of this specification. 
My invention relates to air-engines where- 
15 in tnc fluid air stored at a high pressure is 
utilized (luring its reduction to alow pres- 
sure as initial energy for the compression of 
free air. 

1 he compressors as devised are com- 
pounded, there being an oscillating piimary 
engine receiving air at a high pressure and 
exhausting into two straight-line engines, the 
said exhaust forming initial energy for the 
straight-line engines - -that is, engines in 
which their pistons travel only in a straight 
line. J he oscillating primary engine is a 
portion of die mechanism constituting a tog- 
gle-joint \\ hicli exerts its extreme of stress at a 
time when mo-t inquired in the compression 
30 of freeair. As the compression of airgener- I 
ates heat. I take advantage of this fact in so ’ 
utilizing the heat_ units, adding them to the I 
expanding cold air, that I get an economic 
result, and. vice versa. I utilize the cold pro- 
35 dueed by the expansion of compressed air in 
storage in reducing- the. heat generated bvthe 
compression of free air, to the end that the 
product of the compressors be greater in air 
at normal temperature, thus securing a sec- 
40 ondary economy in product. 

J hi- aii -compressors as dev ised constitute 
a component part of a compressed-air loco- 
motive wherein compressed air in storage 
forms the initial energy. 

45 I attain these objects by the devices and 
mechanism illustrated in the accompanying 
drawings, in which - 

figure J is a sectional view taken through 
the line « 4 of f jg. 2 . J- ig. 2 is an incomplete 
5° plan view showing the general arrangement 


j of the compressors and engine, but exclud- 
! ^ p . ^ ase to which they may be attached. 

| .«• 0 *. s an er) d view or elevation of Fig. 2 . 

I a tranverso action taken through 

1 the line c d of engine C, Fig. 2 . Fig. 5 is a 53 
[transverse section of the valve-ehesl, taken 
j through the line ef of Fig. 3 . Fig. 6 is a 
j perspective of the valve proper.' Fig. Y is a 
| detail of crank-disk and crank-pin, and Fig. 

8 is a detail sectional view of one of the 60 
valves. All of the views are in a measure 
distorted for the purposes of better illustra- 
tion. 

Similar letters refer to similar parts through- 
out the several views. ” 65 

In niy invention A .V are straight-line en- 
gines, B B representing the air-compressors. 

C is the oscillating primary engine. 

As shown in Fig. 1, the engines A A' and 
air-compressors B B have an annular open 70 
space A"B", respectively, formed in their cas- 
ings. Tiie engines A A’ and C have espe- 
cially-designed semirotating inlet and exhaust 
valves, as. shown at I). and D' in the several 
views, i he valves are connected with a eon- 75 
uuit A\ with ports *\\ , (sec Fig. £>,) opening 
into the valve-chambers. The straight-line 
engines outside the valves may be of the 
| usual construction as to cylinder-heads, pis- 
| ton-heads, stu fling-boxes, &c. 80 

[ Outside the double cylinder no special 
claim is made in the construction of the air- 
eompressors. 

1 lie novel and valuable features of my in- 
vention consist of, first, the oscillating primary 85 
engine C, which oscillates in its step O’. The 
piston-rod ()" of this engine is connected at one 
end with the crank-pin K' of the crank-disk L' 
and at its other end with the crank-pin R" 
of the crank-disk K, said crank-disks rotating 90 
on the studs L", operating in t hi' bearing Z' 
of the lease Z. The rotation of the said disks 
is secured by the combined reciprocations of 
the piston-rods O, O', and O", the oscillations 
of the engine C being shown by the dotted 93 
lines g A // h . The disk - crank-pins R' R" 
pb'.v in tnc double-bow stirrups \I \ and 
M' X', and in the rotations of the crank-disks, 
products!, as described, by the reci procat ion 
of the piston-rods of these engines, the cx- 100 
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treme of pressure in the air-compressors is 
overcome by the oscillating primary engine 
C by exerting the extreme of its power in 
forcing the crank-pins R' R" over the toggle- 
5 joint centers <j h anil g' K . The dead-center- 
ing points of the toggle-joints being passed, 
the straight-line engines take up their work of 
performing the tirst three-fifths of the stroke. 
As an antifrictional device the roller P, (see 
io Fig. ],) may be placed on the disk crank-pin. 
In the oscillating primary engine C the 
valves are scmirotated in the valveTchest by 
means of the stud It, which may be an up- 
wardly-extending part of the crank-disk pin 
IS R' , the valve-rods T T“, the valve-levers U, 
connecting-rods V, and valve-dogs Y. (See 
Fig. 5 .) In the straight-line engines the studs 
S S' rise from the doubled-bow stirrup, as 
shown in Figs. 1 and 2. .The studs S, S', and 
20 R move, with the piston-rods of the engines 
and through their connections, as described, 
operate the valves thereof. 

In operation my invention works as follows: 
Highly-eompreSsed liir is admitted to the con- 
25 duit-pipe E by means of a. suitable valve. The 
Said air passes into the jackets of the air-com- 
pressors B' B through the pipes E' E". The 
said air-compressors in compressing free air 
generate Heat, a certain per cent, of which is 
30 taken up by the air to be used in the form of 
energy in the engines. After the passage of 
the air through the space formed by the jack- 
ets, as shown at B", Fig. 1, it passes into the 
pipe F and thence into the pipe F’, whence 
35 by means of the stuffing-box lv it passes into 
the pipe G, the conduit \V, and through the 
ports \V' into the valve-chest 1 )'. (See detail. 
Fig. 4 .) After doing its work in the engine 
C thg -air passes through the exhaust-valve 
4 ° chest D and by the connecting-conduit 
into the exhaust-pipe G', thence through the 
stuffing-box K' into the pipes Or" G'", which 
lead' -to the valve-chests of the straight-line 
engines, and operates the pistons therein, the 
45 air finally passing through the exhaust-chest 
of the said engines into the pipes I T and by 
the pipe J into the tank of low pressure. 
The aw compressed by the air-compressors 
B B' passes through the pipes H into the 
50 space A", (see Fig. 1,) formed by jacketing 
the straight-line engines. As tiie air thus 
compressed carries with it a greater portion 
of the heat generated in its compression, it 
fills its function by heating the cylinders of | 
55 the straight-line engines, and thereby adding 1 
heat units to the air used as energy in the said ! 
cylinders. Having fulfilled its function, as j 
stated, it passes through the pipe IT'and the | 
pi|H> 11" direct to a heater, where the heat ! 
60 units are further increased just previous to 
its use in the cylinders of a locomotive. j 
It will thus be seen that by the aid of my , 
invention great, ecoromy must resu't in the 
use of compressed air in storage as initial en- ' 
65 ergy for it will be understood that I am able 1 
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I by this means not only to reduce the high 
; pressure to a low pressure, but to use the dif- 
ferences of pressure in the production of com- 
pressed free air. Again, by means of the 
novel devices herein described I am able to 70 
add to the units of energy the greater portion 
j of the heat units produced in compressing 
S free air. Also in the arrangement of thcair- 
j coir pressors as a whole I am able, as described, 
j to secure the greatest amount of power at a 75 
j time when it is most needed, 
j Having thus described my invention, what 
I 1 claim as new, and desire to secure by Letters 
| Patent, is — 

1 1. The combination of straight-line engines, *0 

jackets provided on said straight-line engines, 
air - compressors communicating with said 
jackets, said compressors delivering to said 
straight-line engines, jackets provided on said 
air-compressors, an oscillatingprimary engine 85 
adapted to exhaust into said straight-line en- 
gines, and receiving air from said last-named 
jackets, substantially as described. 

2 . The combination with an oscillating pri- 
mary engine, and its piston-rod, cf rotating 90 
crank -disks, crank -pins on said disks, said 
piston-rod being connected to the said pins, 
double-bow stirrups in which the said crank- 
pins are arranged, straight-line engines, studs 
arranged in said bow-stirrups and connected 95 
with the said straight-line engines, and an 
air-compressor connected with said stirrups, 
substantially as described. 

3 . Thecombination with a high-pressure os- 
cillating air-engine, of low-pressure straight- 1 100 
line air-engines receiving the exhaust there- 
from, compressors driven by said engines, 
jackets for the compressors and straight-line 
engines, means whereby the compressors de- 
liver to the straight-line-engine jackets, and 105 
means for conducting the air for the oscillat- 
ing engine through the compressor-jackets, 
substantially as described. 

4 . In a device of the character described, 

the combination of an oscillating engine, no 
straight-line engines adapted to receive the 
exhaust therefrom, means for compressing air 
adapted to be actuated by said engines, said 
means provided with air-jackets, and means 
for conducting the air for said oscillating en- 1 15 
gine through the jacket of said compressing 
means, substantially as described. 

5 . The combination with a primary high- 
pressure oscillating air-engine, of low-pres- 
sure straight-line engines receiving the, ex- 120 
haust therefrom, air-compressors actuated by 
said engines, and means whereby the com- 
pressed air by which the primary engine is 
actuated, is raised in temperature h\ the heat 
generated in the air-compressors, substantially 125 
as described. 

(i. The combination with a primary high- 
pressure oscillating air-engine, of low-pres- 
sure straight-line engines receiving 4 >e ex- 
haust therefrom, air-compressors actuated by 1 jo 
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the said engines, semirotating valves arranged 
on the high and low pressure engines, means 
connected with said engines for operating 
said valves and means whereby the air by 
5 which the primary engine is actuated is caused 
to absorb heat generated in the compressors, 
substantially as described. 

7. The combination with a high-pressure 
primary oscillating air-engine, of low-pres- 
io sure straight-line engines receiving ^xhaust 
therefrom, jackets formed upon said last- 
named engines, compressors driven by said 
engines, jackets formed upon said compress- 
ors, means connecting said compressors with 
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said jackets of the straight-line engines where- 1 5 
by the said compressors deliver thereto, means 
Whereby the air for the oscillating engine 
passes through the said compressor-jackets, 
and means connecting said primary engine 
with the said straight-line engines and com- 20 
pressor-jackets. 

In testimony whereof I affix my signature in 
the presence of two witnesses. 

WIJjSON R. PRATT. 

Witnesses: 

W. M. Clintock, 

F. O. Burket. 
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"Under favorable circumstances, a vehicle engine 
capable of developing 100 horsepower may accelerate the ve- 
hicle to 60 mph in one minute. The brakes of the vehicle, 
however, must be capable of stopping it in approximately 
one-tenth of this time, or about six seconds. The compara- 
tive horsepower then required to stop is 1000 horsepower, 
"The kinetic energy developed by the weight and 
speed of the vehicle is converted into heat energy by the 
friction of the brake drum and shoe. This heat is dissi- 
pated into the surrounding air," 


Irving Frazee 
Automotive Fundamentals 
American Technical Society 
19V?- Chicago 


General Herman Haupt, Street Railway Motors, 1#93 


Increased Power from Motor Cylin ders Actinu 
as Am Pumps . 

The motor cylinders nre so arranged tliat in descend- 
ing steep grades they act as air pumps, and at the same 
time as brakes, by which means it is found, as stated by 
the company’s engineer, Mr. Hardie, that in running 
down grade on the Second Avenue Railroad, pumping 
back against a pressure of 200 pounds in the receiver, 
the pressure was increased 7 pounds iu a distance of 0.4 
mile. As it requires 3G0 cubic feet to run one mile, 

0. 4 mile would require 144 cubic feet. 

If the pressure were increased 7 pounds in a receiver 
containing 1G0 cubic feetut 200 pounds, the air pumped 

1. 't.I.l ha ,r e been 5.3 cubic feet at 200 pounds in 
t • > f a mile, equal to 69 cubic feet at atmospheric ten- 
sion. which is about half the amount of air that would 
ha ve been expended iu running an equal distance with 
the aid of the heat on a level, with a consumption of one 
cylinder of air at each stroke, but with actual results 50 
per cent, greater. 

To appreciate the importance of this result, it must 
■> ab erved tliat not only is all the air saved in running 
vn bill and not a particle used, but half as much or 
Ibore as would have been expended with the aid of beat 
i vapor upon a level is pumped back again, and at the 
lie time the action of pumping back acts as a most 
nit brake, the efficacy of which is spoken of by the 
vert mcchnnionl engineer of the Delamater Works 
.mis of the highest commendation. 


This is certainly a most extraordinary result, and so 
large a percentage of gain is only possible in conse- 
quence of the great expansion in tiic motor cylinders. 
The air and vapor escape at die tension of the atmos- 
phere, without the noise which attends the escape of high- 
pressure steam. When the sir at atmospheric tension 
is pumped back again, it cau reudily be perceived that a 
certain percentage of the power expended will be re- 
stored, since only half a cylinder of air or less is re- 
quired to do the work at each stroke. 

Such a contrivance can only be characterized ns admir- 
able, and, it will be perceived, adds another considerable 
percentage to gain iu coal as compared with steam 
motors. 

When a locomotive engine shall, while running, be 
able to manufacture coal and store it in the tender, it 
will then be able to rival this performance of the pneu- 
matic motor. 

It lias been shown that at atmospheric tension the 
contents of the motor cylinder arc just one cubic foot 
for each revolution of the car wheels and that there are 
720 revolutions per mile. There should lie pumped 
back therefore 720 cubic feet if the inclination were 
sleep enough to employ full power, which is found bv 
computation to be 198 feet per mile, and when heated, 
saturated, and expanded, this air should run I he ear two 
miles or more, instead of one. In oilier words, while 
running down hill one mile, on a grade of 198 feet, I he 
motor theoretically might store up enough to run it two 
miles on a level ; and recent experiments have shown 
that 50 per cent, may be ndded to this estimate. 
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To all whom it may concern: 

Be it known that I, Ciiaki.ks B. Ff.agan, a 
citizen of the United States, residing at De- 
troit, in the county of Wayne and State of 
5 Michigan, have invented new and useful Im- 
|HB provements in Air Equipments for Automo- 
WKm biles, of which the following is a specifica- 
tion. 

This invention relates to automobiles and 
10 has particular reference to an apparatus ap- 
plicable to the same which is adapted to gen- 
erate and store a supply of compressed air 
for use in starting the motor. 

One of the principal objects of the in- 
15 vention is the provision of a drive shaft, an 
axle having keyed supporting wheels with 
a driven connection therebetween, a power 
plant and a clutch and an apparatus for cre- 
ating energy, mechanism between the drive 
20 shaft and said apparatus for operating the 
latter, said clutch serving when the power 
plant is thrown out of operation to render 
the energy creating mechanism active 
through inertia of the drive shaft. 

25 Another object in view is the provision of 

t an apparatus of the class described, which 
derives its supply of energy from a pump 
operated by the drive shaft after the same 
has l>een uncoupled from the n. >tor. thus 
SO utilizing the momentum of the car for a 
source of motive power for said pump. 

A further object of the invention is the 
provision of an apparatus for creating and 
compressing air within the tank for use in 
35 starting the motor, said apparatus being 
adapted to be operated by the drive shaft 
through suitable means bv the momentum of 
the car after the power from the motor has 
been shut off and said compression in the 
40 pump reacting as a means to gradually bring 
the car to a stop, thus not only utilizing the 
wasted energy and wear on the brake bands 
but saving fuel now commonly used as a 
means to compress the air. 

45 Another object of the invention is to pro- 
vide a device of the class described which 
includes a high pressure tank and a low 
pressure storage tank, the high pressure 
PPM tank having direct communication with the 
(0 energy creating mechanism, said high pres- 
sure tank maintaining a constant pressure 
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at all times, in order to effect an immediate 
braking action on the drive shaft irrespec- 
tive of the pressure in the storage tank. 

A still further object of the invention is 55 
the provision of a combination apparatus 
acting as a means for compressing air in a 
storage tank and serving as a brake for the 
vehicle, said brake equally distributing its 
force to each of the drive wheels, thus avoid- 60 
ing skidding due to an unequal distribution 
of the braking power to each wheel, which 
is not uncommon in vehicles depending en- 
tirely upon brake bands. 

A further object of the invention is the 65 
provision of an apparatus of the class de- 
scribed in which the weight of the same is 
equally distributed, which is inexpensive to 
manufacture and which may be readily in- 
stalled on any standard automobile. 70 

With these and other objects in view the 
invention resides in a novel construction, 
combination and arrangement of parts fully 
described and pointed out in the following 
description and claims and illustrated i.i 75 
the accompanying drawings in which : 

Figure 1 is a plan view of the device ap- 
plied to in its supplied position. 

Fig. 2 is a fragmentary longitudinal sec- 
tional view of the same. so 

Fig. 0 is a detail cross sectional view 
therethrough. 

Tn the drawings A designates the chassis 
of an automobile which is provided with 
the usual drive wheels B keyed to the rear S5 
axle C and driven by a differential D. The 
power plant or motor 10 is provided with a 
flv wheel 11 having a gear 12 formed on 
the outer periphery thereof. A clutch 
mechanism Id. provided with a foot operat- B0 
ing lever 14 is interposed between the power 
plant and a drive shaft 15, the latter being 
operativelv connected with the differential 
I). Loosely mounted on the drive shaft and 
keyed against longitudinal movement is a 05 
sprocket wheel 16 provided with a hub 17 
having a clutch surface Id. A clutch mem- 
ber 10 is splined to the drive shaft 15 ad- 
jacent the hub 17 and provided with a 
clutch surface 20 which is adapted to be 100 
thrown into operative engagement with the 
clutch surface 18 whereby the sprocket 
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wheel 10 is operatively connected with the 
drive shaft for turning movement there- 
with. A lever til is pivoted at 22 and eon- 
neeted at 20 to the ehiteli member 10 for 
3 moving the same into and out of engage- 
ment with the huh 17. The opposite ex- 
tremity of the lever 21 is eonneeted to the 
elnteh lever 11 as at 2-1 whereby upon 
throwing the elnteh 13 out of artion and 
K) thus uneoupling the power plant from the 
drive shaft, the sproeket wheel 10 is auto- 
matically operatively eonneeted with t* 
drive shaft 1 •">. An air pump 24 is con- 
nected with a high pressure storage tank 25 
l , means of a conduit 20 having a cheek 
live 27 arranged therebetween. A low 
p: ssure storage tank 28 is connected with 
the high pressure tank 25 by means of a 
conduit 20 which is provided with a high 
20 pressure check valve 30. The air pump 2-4 
is provided with a sproeket 31 and a 
sprocket chain 32 operatively connects the 
sproeket wheels 31 and 10. The main 
storage tank is prov ided with a safety valve 
-5 33 which relieves the main storage tank of 
any excess pressure, the escape of the same 
being adapted to pass out through the muf- 
fler from the power plant. A suitable air 
motor 3-1 is provided with a gear 35 on its 
:so drive shaft 30 and is supplied from the tank 
28 by the conduit 37. A valve 3H is ar- 
ranged in the conduit 37 and is adapted to 
be operated from the dash hoard of the ve- 
hicle by any suitable means for starting the 
is.') motor. The gear 35 meshes with the gear 
12 on the fly wheal 11 in order to turn over 
the. crank shaft of the power plant. 

In operation of the dev ice when the op- 
erator of the, vehicle throws the clutch 13 
10 out in order to uncouple the power plant 
from the drive shaft, the 'dutch surfaces 20 
and IS are automaticallv engaged hv means 
of the h •ver 21 thus operutivelv connecting 
the sproeket wheel 111 with the drive shaft 
I •') vv Inch revolves through inertia, under the 
momentum of the ear and operates the air 
pump 24 generating a supply of compress- 
ing air which is forced iuto the high pres- 
sure Uwik 25 ami subsequent lv into the low 
50 pressure storage tank 28. The resistance 
necessarily consumed in compressing the air 
causes the drivu shaft 15 to gradually slow 
down, thus acting as a lira he on the rear 
axle to which the wheels B are keyed. It 
55 will thus be seen that the vehicle will he 
gradually brought to a stand still l>v the 
resistaiK'.e offered iu com passing the air 
and it will he furtJu>r noted (lint the mo 
me.ntum of the ear will he. utilised as a 
•it) means for storing a supply of compressed 
air which may be used for starting the mo- 
tor or any other purpose desired. It might 
U> Ivere noted that the pm*siin> in the high 
pressure tank 25 always remains constant. 
( io irrespective of the pressure in the low pres- 


sure storage tank 2s. thereby immediately 
elleetmg a braking action on the drive shaft 
when tlie (dutch is thrown to a position to 
uncouple the drive 'haft from the power 
plant. Tim usual hand brakes may be used 
iu connection with the device for bringing 
the vehicle to a sudden stop in east- of emer- 
gency. 

While 1 have shown and described a sim- 
ple and preferred form of carrying my in- ; 
vent ion into practice I do not care to be lim- 
ited to the exact details therein exhibited 
hut reserve the right to make such chan ires 
and alteration as necessarily fall within tin* 
scope of the appended chums. 

What is claimed as new is: 

1. In combination, a drive shaft, an ap- 
paratus for creating energy, high and low- 
pressure tanks operatively connected with 
said apparatus for storing energy created 
hv said apparatus and for exerting a re- 
tarding influence on said apparatus, mech- 
anism l>etvveen the drive shaft and said ap- 
paratus for operating said apparatus, a 
power plant, a clutch between the drive 
shaft and the power plant, and means on the 
drive shaft serving to couple the energy 
creating apparatus therewith to render said 
apparatus active through momentum of the 
drive shaft when the power plant is thrown 
out of engagement therewith. 

2. A drive shaft, an apparatus for creat- 
ing energy, high and low pressure tanks 
operatively connected with said apparatus 
for storing energy created by said appa- 
ratus and for exerting a retarding influence 
on said apparatus, mechanism between the 
drive shaft, and said apparatus for operat- 
ing the said apparatus, a power phi.nt. a 
(lutcli between the drive shaft and the 
power plant, and means on the drive shaft 
serving to couple the energy creating appa- 
ratus therewith to render said apparatus ac- 
tive through momentum of the drive shaft 
when the power plant is thrown out of en- 
gagement therewith, an axle having keyed 
-u p|X)rti ng wheels, and a driven connection 
between the axle and saw! drive shaft. 

3. A driven wheeled axle, a drive shaft 
operatively connected with said axle. a. high 
pressure tank, a low pressure tank comrnu 
mealing with the same, a compressor opera 
tively connected with the high proesmv 
tank, meeha n-ism between the drive shaft 
and the compressor for operating the emu- 
ptvssor, a power plant, a clutch tneclutnisni 
between tin' drive shaft and said power 
plant, and means coacting with said clutch 
mechanism serving when the better is atom' 
a> ! j ust incut to render the compressor av- 
tive. to disconnect. the drive shaft from tike 
power plant and simultaneously to retard 
the irioinental action of the wheeled axle. 

f. The comluuat ion with a vehicle, hav 
mg a motor, a drive shaft therefor and a 
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clutch for coupling said motor to tho drive 
shaft, of an apparatus for generating and 
storing compressed air, comprising a high 
pressure tana, a low pressure storage tank 
5 communicating with the same, an air com- 
pressor communicating with the high pres- 
sure tank, and means for transmitting mo- 


tion to said compressor from the drive shaft, 
said means Incoming active upon the opera- 
tion of the clutch to uncouple tho motor 10 
from the shaft. 

In testimony whereof I allix my signature. 

CHARLES K. FEAGAN. 


22 
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By Wayne Thoms 


MILEAGE tests us- 
ing identical Grana- 
das, one equipped 
with an Inertial Stor- 
age T ransmission 
(1ST) and the other 
with a stock Six, 
showed that the 1ST 
car (in lead) more 
than doubled gas 
mileage, even in 
big-town traffic. 




UNDERCARRIAGE 
of 1ST Granada 
(left) shows the en- 
gine, solenoids, 
manifold, tubing and 
combination pump/ 
motors. The engine 
is standard but it 
shuts down when 
on-board computer 
adds stored power. 


BELOW: Our cover 
illustration and dia- 
gram which ex- 
plains how the en- 
gine drives a pump, 
sending fluid under 
pressure to hydrau- 
lic motors at rear. 
Motors drive wheels. 
Manifolds are con- 
trol boxes, as ex- 
plained in the text. 


W E SAT at a Portland, Ore 
stop signal in total silence 
engine off. As the light changed 
the car took off noiselessly. The 
engine remained eerily hushed aj 
we accelerated to normal speed. 
Because of the silence, fellow mo- 
torists might have thought we wen 
being pushed by some mystic*' 
force — but there was no magic ia- 
volved. 

We were tooling around town® 
a specially-equipped Ford Granadj 
that may wind up as a forerunner 
of things to come. Under the hood 
there were some unusual noisa 
of pumps engaging and gears mess- 
ing. We also experienced the sensa- 
tion of uneven acceleration mo. 
tions which convinced us this was 
a demonstration prototype. But we 
were moving. And without the 
benefit of the regular engine. 

What was moving the car? Stored 
hydraulic pressure of the sort used 
in gas station lifts. 

The name given to the invention 
— Inertial Storage Transmission 
(1ST) — could lead a guy into think- 
ing that the car is powered by a 
transmission. It's not. Actually, the 
spot where the Granada’s transmis- 
sion used to be is occupied by a hy- 
draulic pump, motor. And the en- 
tire drive train has been replaces 
by a system that stores excess pow- 
er and uses it when needed instead 
of throwing it away. 

The idea of hydraulic drive is 
not new, nor is it very complex. 
What is new is the idea of storing 
an engine’s excess pow >r. 

Our opinions It works We rode in 
the prototype automobile, drove it 
and, most important, witnessed in 
amazing demonstration fuel econ- 
omy — savings of over i ,0 percent 
More about that later. 

How does it work ? The idea in- 
volves the reworked drive train, in- 
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eluding three special hydraulic 
pumps that also function as motors. 
That is, each serves as a pump some 
of the time and as a motor at other 
times. 

Other parts include two mani- 
folds equipped with solenoids and 
valves to control the direction of 
pumped oil. There’s also an oil 
reservoir. And the key to the whole 
works: a spherical tank called an 
accumulator that stores energy 
in the form of oil pressure. A small 
:omputer acts as the brain for the 
•" -ole system. 

Most of the action takes place 
i. "he pumps. One of the pumps 
( hei: are made by Volvo) is con- 
neced to the engine and acts as 
boh: starter and pumper. The oth- 
er two are used as motors and also 
for regenerative braking — pump- 
ing oil as the car slows. The oil 
reservoir feeds the accumulator 
tank. 

Out on the road, the car engine 
drives the hydraulic pump behind 
the engine. Heavy-duty tubing 
runs from that pump to the other 
two pumps which serve as drive 
motors. Power not required to 
drive the wheels is stored in the 
accumulator. When pressure in 
the accumulator reaches a prede- 
termined point (about 2,500 psi), 
the internal combustion engine is 
switched off by the computer. Then 
pressure stored m the accumulator 
drives the two pumps (which are 
acting as motors) at the wheels. 
When pressure is used up, the 
computer gets the engine going 
again (using the pump behind the 
engine as a starter) and the cycle 
beg. ns again. 

’ken the car engine is going it 
r : at a constant (and efficient) 

speed of about 3.500 rpm, because 
it drives pumps and not the car 
wheels directly. The engine shuts 
oil when the car is stopped. There 
is no wasted fuel at idle. 

Snipping, cruising on level 
ground or running downhill pumps 
excess power into the accumulator. 
As pressure in the tank rises, the 
gasoline engine switches off auto- 
matically and the car runs on 
stored power. The hydraulic-to- 
internal combustion energy cycie 
repeats automatically as pressure 
is nored and used. 

Uince Carman, president of an 
outnt called Global Scientific Engi- 
neers. Inc., and inventor of the 
'-.rive system, is a former NASA 

: must who turned to indepen* 



UNDERHOOD of test car reveals extra 
manifolds and a pressure monitor that 
feeds information to an electronic brain. 



INSIDE: Dashboard gauges Indicate tank 
pressure. Technology of 1ST car is simple, 
uses conventional, off-the-shelf parts. 



GAS- MILEAGE gauge of test car is 
checked, then compared to non-IST 
model. The test car won with 38.4 mpg. 


dent development when the space 
program tapered oif. Hes proud of 
the way his invention performs, 
with good reason. 

Our iuei-economy test pitted the 
IST-equipped Granada against a 
stock Fora Six. Both were equip- 


ped with 1/10-gal. fuel bottk, 
standard for measuring fuel eccft 
omy. 

Both cars began with full bot- 
tles. Drivers navigated through 
city traffic, the IST-equipped CK 
in the lead. When the stock mh 
chine ran out of gas, we measured 
the fuel remaining in the 1ST 
car’s bottle. The stock Ford gi 
16 mpg, the 1ST machine a re- 
markable 38.4 mpg. And the stas- 
dard Ford was lighter, weighing 
3,580 lbs., while the 1ST vehicle, 
with experimental equipmeiit 
weighed 4,120 lbs. 

How is the 1ST car to drive? 
Not exactly normal but, then agars, 
not totally crazy. We simply turned 
on the ignition, flipped a switch far 
forward or reverse and stepped Of! 
the accelerator. The first start af- 
ter the car has been parked is al- 
ways with stored hydraulic power. 
There is at least enough to get out 
of the driveway and start dowi 
the street. 

We could feel the two levels J 
drive motors cutting in as we aj* 
plied pressure on the accelerator. 
And foot pressure is where the 
1ST differs from the conventional— 
it is necessary to play with the ac- 
celerator more than with a stan- 
dard auto. If the foot is lifted 
abruptly, both drive motors act it 
brakes. It feels as though someone 
tossed out an anchor. In fact, un 
never touched the brake pedal dur- 
ing the test drive. It took only a 
couple of minutes to master tie 
art of controlling the accelerant 
using it both for stop and go. Car- 
man explained that he plans ad- 
justments which will let the drivel 
be less concerned with pedal posi- 
tion. 

What about power accessories. 
Power steering could be operated 
from the hydraulic power, as could 
power brakes. The only probiea 
may be with air conditioning. Un- 
der the present arrangement, ev- 
erything is off when the car g 
stopped. That means no power for 
turning an A, C compressor. A,C 
could be driven by a separate co- 
tor but it would lower overall mpg 

What about the hazard of an ac- 
cumulator charged to 3.500 or i- 
000 psi of oil pressure? In a pro 
duction vehicle, the pressure would 
be contained in a 5- to 7-gal. snreN 
ical container, which is the strong- 
est shape. For now, should the ac- 
cumulator rupture in an accidcs 
(explosion is virtually impossible!, 
leakage wouid start at the weaken 
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point (the outlet neck) and pres- 
sure would be slowly released. In 
umple terms, the accumulator 
pressure tank is probably safer 
ian an ordinary gasoline tank. 

The oil reservoir from which the 
accumulator draws fluid is not 
pressurized and presents no haz- 
ards at all. 

An 1ST vehicle would be an en- 
vironmentally clean vehicle, too. 
STien used as most people drive 
-short hauls in an urban environ- 
ment — it is incredibly economical. 
Carman estimates that an 1ST car 
would only cost $50 to S100 more 
a build than an ordinary Detroit 


wagon. 

Where is 1ST going? Carman has 
been operating on private funds, 
1 situation that is naturally limit- 
ing. If the government provides 
money, 1ST could start life as a 
production delivery vehicle or 
transit bus. From there it would 
be a short jump to small, efficient 
commuter-type cars. Without fi- 
nancial help, development to a 
commercial level may take longer. 

We were impressed with Car- 
man’s car. There could be an 1ST 
car in our future and it could be 
added to the list of ways to pre- 
serve our dwindling supplies of 
fossil fuel.# 









seems that Portland, Oregon’s 
Vincent Carman (see "Can This 
Transmission Really Double Your Car's 
Mileage?” In MOTHER NO. 48) Isn't 
alone. At least one other group of In- 
spired experimenters has found a way to 
use hydraulics to vastly increase an 
automobile's gas mileage. 

That group is a class of advanced stu- 
dents at Minneapolis, Minnesota’s Hen- 
nepin Vocational Technical Center. And 
under the guidance of instructor Ernie 
Parker (and without ever having heard 
of Vince or his Inertial Storage Trans- 
mission), the class recently designed 
and built what they call a "hydraulic 
storage transmission". 

Does it work? It sure does! As the stu- 
dents have already demonstrated, when 
their special drive train is coupled to a 
16-hp Tecumseh engine, Installed in a 
Volkswagen chassis, and covered with a 
Bradley GT body . . . the resulting one- 
of-a-kind automobile will travel (at 
speeds up to 70 mph) an incredible 75 
miles on a single gallon of gas. 

That's impressive, especially when you 
remember that the HVTC fuel-stretcher 
was entirely constructed from off-the- 
snelf components that are readily avall- 
aole to any home mechanic in any part of 
the country. The sleek little automobile 
contains absolutely no exotic technology 
or hardware at all. 

IT ALL BEGAN IN 1920 

The HVTC class project was originally 
launched because of a 1920 magazine ar- 
ticle brought in by student Tom Stein- 
camp. The piece described an automo- 
bile with a hydraulic drive train and 
labeled the vehicle "the car of the fu- 
ture”. Some library research and a few 
group discussions soon convinced the 
class that the idea was a good one . . . but 
that it would be even better if an energy 
saving accumulator was added to the 
hydraulic system. 

Before long Parker’s crew had roughed 
out a preliminary design of the new hy- 
draulic drive. And the concept looked so 
good on paper that the group simply de- 
cided to go ahead and build one to see 
how it would work. 

T U F. ~!RST PROTOTYPE WAS A DUD 

I- >r s students quickly scrounged 
ir >. veil-used VW chassis, a 60-hp VW 
engine. and enough hydraulic odds and 
er.us 'o assemble a crude prototype of 
their uesign. It was a disappointment. 
The •.■chicle ran well enough, but it con- 
sumed only slightly less gasoline than a 
stocs Volkswagen. 

'This thing's got just too much horse- 
power,” someone said. "Maybe a VW 
with a stock transmission needs 60 hp to 
get around . . . but with the hydrauilc 
drive tram we've designed, 1 think a 
Volkswagen can get by with one heck of a 
lot less muscle.” 

Sver.'one agreed and the team of ex- 
•wr::’-, enters quickly rounded up a tow 
vehicle and began running a series of 
"drawbar tests" to determine the least 
amount of engine they needed to ade- 
quately power their 1,300-pound car. Re- 
sult: The students concluded that a 10-hp 
Tecumseh overhead valve powerplant 
would do the job . . . provided that their 
V'V cr.as.n.s was enclosed m a very aero- 


dynamically clean envelope. (Say, some- 
thing like the Bradley GT body that 
somebody just happened to want to do- 
nate to the project! ) 

HVTC CAR NUMBER TWO WORKS! 

Just as Ernie Parker's engineering 
team was finishing its second-generation 
"fluid powered” carriage, the oppor- 
tunity arose to enter the machine in a 
Minnesota Society of Automotive Engi- 
neers economy run. 

The test course was a 100-mile "aver- 
age" trip (one-third city, one-third sub- 
urban, and one-third country driving) 
and the HVTC vehicle had less than one 
mile on it when the rally began. As far as 
this particular car was concerned, then, 
the run was far less a competition than a 
shakedown cruise to flush out the bugs 
which always hide in every new engi- 
neering concept. 

Sure enough, the HVTC automobile 
had its share of gremlins . . . one of 
which was so serious that the car rolled 
up "only” a "disappointing" 50 mpg. As 
instructor Parker explains it: 

"A valve we had changed the evening 
before vibrated closed, thus starving the 
vehicle's hydraulic pump of oil. If we'd 
mounted the valve's lever just 90 degrees 
to the left or to the right, this wouldn't 
have happened. The mistake really 
murdered us in the competition, though, 
because— with that valve closed— our 
car's engine had to pump twice as much 
oil as necessary to push the machine 
down the road." 

Were the HVTC students licked by this 
less-than-ideal first public showing of 
their hydraulically driven automobile? 
Of course not! They just pitched in, ex- 
orcised the imps and goblins from the 
car, and put the machine back on the 
road. Further tests soon showed that the 
vehicle’s combination of [1] aerodynam- 
ic body, [2] 16-hp engine, and [3] “In- 
finite gear ratio” hydraulic drive and 
energy storage system is a real winner. 

The little car will accelerate from 0 to 
60 miles per hour in a very satisfying 
eight seconds. Furthermore, under "no 
wind" conditions, the automobile can 
cruise down the highway at a steady 70 
mph . . . while carrying a reserve in its 
accumulators that will push it on up to 
higher speeds for a short distance. And it 
does all this on a maximum fuel con- 
sumption of .9 gallons per hour . . . which 
works out to a shade better than 75 miles 
per gallon. (Are you paying attention, 
Detroit? ) 

Still, Ernie’s class is quick to point out 
that Us car can be improved a great deal 
more. One of the most obvious refine- 
ments, the students say, will be the elim- 
ination of the vehicle's VW transaxle. 
"We left the transaxie In so we wouldn't 
have to redesign the VW chassis's sus- 
pension," they point out, "which means 
— since nothing is 100% efficient— that 
we've combined the inefficiencies of our 
hydraulic drive with the well-known inef- 
ficiencies of the old mechanical drive. If 
and when we couple our hydraulic motor 
directly to the car's, wheels, we should 
realize a marked improvement in our 
car’3 efficiency." 

THE SAME, YET DIFFERENT 

The Hennemn Tech students’ energy 


storage transmission is, in some ways, 
quite similar to Vince Carman’s Inertial 
Storage Transmission featured in 
MOTHER ftO. 48. Both use off-the-shelf 
hardware and well-proven technology. 
Both dramatically extend an automo- 
bile's gasoline mileage by capturing, 
storing in an accumulator, and later us- 
ing the energy that ordinary automobiles 
normally waste during braking and 
when they are idled in city traffic with 
their engines running. 

But the two transmissions are quite 
different too. Carman, for instance, uses 
"fixed displacement” pumps and motors 
in his hydrauilc drive train because he 
feels that they’re the most efficient . . . 
while the HVTC student team chose 
"variable displacement" hardware be- 
cause such pumps and motors are easier 
to control. 

Another major difference: The Port- 
land car’s engine is run at a constant 
rpm and is turned off as soon as it has 
pumped a predetermined pressure into 
the accumulator in its hydraulic drive 
line. In the Minneapolis vehicle, on the 
other hand, the engine's rpm 13 allowed 
to vary according to the amount of pres- 
sure that Is in the drive line's accumu- 
lator and how fast that pressure is being 
drawn off . . . and the powerplant is al- 
most never shut completely down while 
the car is moving. 

The two vehicles’ speed control sys- 
tems work differently too. Any time the 
operator’s foot is removed from the ac- 
celerator in Vince's car, the automobile 
is automatically put into a "braking 
mode". (The car is rapidly slowed down 
as the turning of the rear wheels runs a 
pump which pushes hydraulic fluid into 
the drive line's accumulator.) The ac- 
celerator pedal on the HVTC machine, 
however, is pivoted in the middle. When 
the driver pushes with his or her toe, the 
car speeds up. Heel pressure throws the 
system into braking mode and rapidly 
slows the vehicle down. And when the 
operator removes his or her foot from 
the pedal altogether, the car’s drive sys- 
tem switches into a freewheeling neu- 
tral, and the machine coasts. 

IS THE HVTC CAR 
IN YOUR FUTURE? 

Even though Ernie Parker's class fab- 
ricated its "car of the future" from 
standard hardware that's available to 
any family mechanic (or Detroit engi- 
neer) today, it’s doubtful that GM, Ford, 
or Chrysler will start cranking out 
carbon copies of the HVTC automobile 
any time soon. If you want one of the 75- 
mpg vehicles for your own use . . . well, 
you'll probably have to put it together 
yourself. 

And mavbe MOTHER will be able to 
help make that possible. Naturally, a 
great deal of testing remains to be done 
on the HVTC concept, the design will un- 
doubtedly be refined as time goes on, etc. 
But this magazine s editors intend "a 
monitor the work of Ernie Parker's 
group closely, do what we can to heip the 
engineering team hone and .ie''elop its 
ideas . . . and keep you informed of the 
progress that is made. Pernaps, before 
too long, we'll even be able to offer you 
plans that you can use m the construction 
of your own 75-mpg ” ear of the future” . s 
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[57] ABSTRACT 

The adaptation of a compressed-fluid (such as com- 
pressed-air) powered turbine in conjunction with the 
use of a flywheel as a hybrid propulsion system for 
nonstationary applications, such as vehicle drive, is 
shown and its practicality demonstrated. This propul- 
sion system requires a nonpolluting fluid, such as air, 
and a source of mechanical or electrical energy to com- 
press said fluid and energize said flywheel, both of 
which act as energy storage media. An expander/com- 
pressor unit, such as a turbine, is used for converting the 
stored energy of said compressed-fluid into shaft power 
by expanding said fluid, and recovering the braking 
energy during vehicle deceleration by compressing and 
storing the atmospheric air (if air'is used). Said flywheel 
is used not only for providing peak powers necessary 
for vehicle acceleration but also for recovering the 
braking energy during vehicle deceleration and refilling 
said compressed-fluid in an emergency. The propulsion 
system can use the unlimited supply of air as the pri- 
mary energy-storage medium and said flywheel as the 
secondary energy-storage medium. The propulsion sys- 
tem is not only regenerative but also quick-recharging; 
it, therefore, has high energy-efficiencies and broad 
applications. 

6 Gaims, 2 Drawing Figures 
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HYBRID FLYWHEEL/COMPRESSED-FLUID 
PROPULSION SYSTEM FOR NONSTATIONARY 
APPLICATIONS 

BACKGROUND AND OBJECTS OF THE 
INVENTION 

This invention relates to hybrid propulsion systems 
for nonstationary applications, such as vehicle drive, 
farm-machine drive, boats, etc., and more particularly 
to the adaptation of a hybrid flywheel/compressed-fluid 
propulsion system as a power drive for nonstationary 
applications. Compressed-fluids, such as compressed- 
air, have been used as an energy-storage medium for 
driving energy converters, such as turbines, which act 
as process plant drivers for many decades. Although 
many successful stationary applications of a com- 
pressed-air turbine can be found in various industries, 
very few nonstationary applications of the same have 
been reported in the literature. This is because the lim- 
ited energy-storage capacity of a compressed-fluid that 
results in a restricted operating range makes its applica- 
tion impractical or economically infeasible. 

Significant advances have been made recently in the 
structural materials and designs of high-pressure ves- 
sels. High-pressure compressors have also improved 
greatly over the years. Now, it is practical to generate 
and store a compressed-fluid at pressures over 30,000 
pounds per square inch. Today, high-pressure vessels 
and compressors are lighter and more compact than 
they were twenty years ago due to the lighter and better 
structural materials and the advanced designs used. But, 
this will still result in a limited supply of energy of a 
compressed-fluid when used in nonstationary applica- 
tions, such as vehicle drive. Therefore, every practical 
step must be taken to maximize the use of this limited 
energy supply if it is to be viable for nonstationary 
applications in this time frame. 

In spite of the limited supply of energy, a com- 
pressed-fluid is an attractive energy-storage medium 
especially when compressed-air is used for vehicle drive 
since it has several advantages over other available 
energy-storage media. These advantages are: (1) truly 
nonpolluting; (2) using the unlimited supply of air; (3) 
having high energy efficiencies; (4) the braking energy 
can be recovered substantially; (5) fewer moving parts 
requiring little maintenance; (6) long service-life; (7) 
quick-recharging, etc. 

While vehicle range may be improved by using ligh- 
ter materials and improved designs it will still be gov- 
erned by the energy stored in the compressed-fluid as 
well as the way the vehicle is used. The range of a 
vehicle driven by a compressed-fluid propulsion system 
will be very much dependent on many factors which 
fall into two major categories. The first is concerned 
with the compressed-fluid itself and includes such fac- 
tors as the initial pressure, temperature, and volume. 
The second is concerned with the way in which the 
vehicle is operated and includes the total weight, the 
vehicles speed, the number of starts and stops per driv- 
ing cycle, the acceleration, the wind conditions, the 
road-surface conditions, and the variation from a level 
route. In general, increased performance in these opera- 
tional categories requires higher fluid-pressures and 
volumetric flow-rates from compressed-fluid, resulting 
in less total energy being available for traveling. 

According to the results of studies made bv this in- 
ventor, a key to improving vehicle range is 1 'ernove 
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the requirement for peak powers from the compressed- 
fluid propulsion system in the operational categories 
described above. The results also indicated that once 
the vehicle has reached its maximum speed, the power 
5 requirement for maintaining its speed is approximately 
one fourth of the peak value. At this point in the driving 
cycle, if the vehicle velocity is held constant, the power 
requirement of the vehicle is approximately equal to the 
losses due to the expander, drive trains, aerodynamic 
10 drag, and the rolling resistance of the tires. My above 
studies have concluded that the peak power require- 
ments during vehicle acceleration greatly reduce the 
available energy supply of the compressed-fluid for 
traveling. Therefore, it is essential to provide a system 
15 which can prevent these peak power drains in the com- 
pressed-fluid propulsion system used for vehicle drive. 
My studies further indicated that a second key to im- 
proving vehicle range is to recover the braking energy 
when the vehicle decelerates. Without the use of a re- 
covery system, the kinetic energy generated through a 
propulsion system, such as a compressed-air turbine, 
will be dissipated partly in the frictional braking system 
as heat and partly in the rolling resistance and vehicle 
drag as it decelerates. 

The main object of this invention is to provide a 
viable compressed-fluid propulsion system, such as 
compressed-air, for nonstationary applications, espe- 
cially for vehicle drive by combining with a secondary 
power source capable of reducing peak powers drained 
in the compressed-fluid propulsion system during the 
acceleration cycle and recovering the braking energy 
during the deceleration cycle. 

Other important objects of this invention are: (1) to 
35 provide a truly nonpolluting propulsion system for non- 
stationary applications, especailly vehicle drive; (2) to 
provide a propulsion system for nonstationary applica- 
tions, especially vehicle drive, which utilizes power- 
storage media capable of quick-recharging; (3) to pro- 
40 vide a propulsion system for nonstationary applications, 
especially vehicle drive, which contains a regenerating 
system for recovering the braking energy and which 
operates with high energy efficiencies; (4) to provide a 
propulsion system for nonstationary applications, espe- 
45 dally vehicle drive, which requires little maintenance 
and which has a long service life, etc. 

DETAILED DESCRIPTION OF THE 
INVENTION 

50 The above objects of the invention are achieved by 
the adaptation of a suitable compressed-fluid propulsion 
system, preferably a compressed-air interacting with an 
expander/compressor unit, and a regenerative flywheel 
system to provide the peak powers required during 
55 vehicle acceleration and recover the braking energy 
during vehicle deceleration. According to the present 
invention, the braking energy can be recovered also by 
the use of said expander/compressor unit acting as a 
compressor to compress the atmospheric air using the 
60 shaft power transmitted from the drive trains of the 
vehicle, and store the compressed air generated in a 
tank in order to use it with the vehicle’s original com- 
pressed-air supply, which can perform the work of 
expansion through said expander/compressor unit to 
65 produce the shaft power for transmitting to the vehi- 
cle’s drive trains. 

No where in the literature known to me is there a 
report of the use of a hybrid flywheel/compressed-fluid 
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propulsion system for nonstationary applications, such 
as vehicle drive. 

The results of initial studies made by this inventor 
indicated that approximately 75% to 90% of the brak- 
ing energy can be recovered by the use of the regenera- 
tive flywheel and the regenerative compressed-air pro- 
pulsion system proposed by this invention. The results 
also show that with three stops per mile, the range of a 
compressed-air powered vehicle traveling at an average 
speed of fifty miles per hour can be doubled for a given 
compressed-air supply, by the use of said regenerative 
systems provided by this invention, assuming that both 
the expander/compressor unit and the flywheel have a 
mechanical efficiency of 90%. 

In the following, the invention will be discussed in 
detail by reference to the specific preferred embodiment 
and the typical installation of the invention shown in the 
accompanying drawings, FIGS. 1 and 2. 

FIG. 1 is a detailed diagramatic illustration of a pre- 
ferred embodiment of the hybrid flywheel/compressed- 
air powered vehicle drive provided by this invention. 
The high-pressure tank 1 has the inlet 3 and the control 
valve 30 to receive the initial supply of compressed-air 
at a maximum pressure. The maximum air pressure can 
be regulated by the use of the relief valve 10 and the 
pressure gauge 8. The air temperature inside said tank 1 
can be controlled by heating the air electrically with the 
electrical heater 15, the thermometer 17 indicating the 
temperature of the air in the tank. 

During vehicle acceleration, the compressed-air in 
said tank 1 is discharged at a desired pressure and volu- 
metric flow-rate through the outlet 5, the control val- 
ve/pressure regulator unit 6 and the three-way valve 
24, and flows into the expander/compressor unit 25 
through its high-pressure air inlet 26. For vehicle accel- 
eration, said expander/compressor unit 25 acts as an 
expander to convert the work of expansion performed 
by the compressed-air into shaft power, which is then 
transmitted to the drive train/differential unit 28 for 
driving the wheels 29. The expanded-air leaves said 
expander/compressor unit 25 through its low-pressure 
air outlet 27 into the atmosphere. 

During vehicle deceleration, the vehicle kinetic en- 
ergy is transmitted through said wheels 29 and said 
drive trains/differential unit 28, to said expander/com- 
pressor unit 25; and as a result, said expander/compres- 
sor unit 25 turns to take in the atmospheric air through 
its low-pressure inlet 27, which also acts as the low- 
pressure air outlet during vehicle acceleration as de- 
scribed above. The air taken in is compressed, and then 
leaves the high-pressure air outlet 26, which also acts as 
the high-pressure air inlet during vehicle acceleration as 
already described above. The newly generated com- 
pressured-air is led through said three-way valve 24, the 
control valve/pressure regulator unit 7 and the air inlet 
4 into the low-pressure tank 2. Said tank 2 is used for 
storing the compressed-air generated by said expan- 
der/compressor unit 25 acting as a compressor during 
the deceleration cycle or in an emergency refilling; and 
therefore its air pressure is normally set below the initial 
air pressure of said tank 1, due to the limitation in the 
maximum air pressure that can be obtained by the ex- 
pander/compressor unit 25 acting as a compressor. Like 
said tank 1, said tank 2 has a relief valve 11, a pressure 
gauge 9, and electrical heater 16, and a thermometer 18 
for the control of the inside air pressure and tempera- 
ture. 
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The power required for both electrical heaters 15 and 
16 is supplied by the battery 19, which is constantly 
recharged by the alternator 21 of the flywheel/motor- 
/alternator unit 31, comprising A.C. motor 20, alterna- 
5 tor 21 and flywheel 22. 

The flywheel/motor/alternator unit 31 has several 
different functions. It can be energized by the use of the 
A.C. motor 20 of said unit, or regenerated by the use of 
the shaft power transmitted from the drive train/differ- 
10 ential unit 28 through the clutch/gear unit 23 to 
flywheel 22 during the vehicle deceleration cycle, in 
order to store the energy needed for providing the peak 
powers required during the vehicle acceleration cycle. 
It will run the alternator 21 to charge the battery 19, 
15 which is the electrical power source for all the electrical 
devices, instruments and controls that run on electrical 
power. The flywheel/motor/altemator unit 31 can be 
driven by the A.C. motor 20, transmitting the shaft 
■’ power to the expander/compressor unit 25 acting as a 
20 compressor in order to refill one or both of the air tanks 
1 and 2 through their air inlets 4 and/or 5, with the 
valves 6, 7, and 24 properly regulated. 

The two air tanks 1 and 2 maybe provided with the 
openings 12 and 14, and the valve 13 to make possible 
25 the transfer of compressed-air from one tank to another 
when desirable. 

The vehicle control system 32 contains all the electri- 
cal, mechanical, and manual controls needed to operate 
the vehicle; and it receives the needed electrical power 
30 supply from the battery 19. While the pressure, temper- 
ature and flow rate of the compressed-air may prefera- 
bly be controlled automatically, the fly wheel/ motor/al- 
ternator unit 31, the clutch/gear unit 23, the expander/- 
compressor unit 25, and the drive train/differential unit 
35 28 may be controlled automatically or manually, de- 
pending on the specific application. 

It is important to note that the braking energy recov- 
ery systems provided by this invention will not only 
regenerate and store the power supply but also reduce 
40 or eliminate the need of a friction-braking system, 
which is normally used in conjunction with the conven- 
tional vehicle drive. 

FIG. 2 illustrates in block diagram form, a typical 
installation of the hybrid flywheel/compressed-fluid 
45 propulsion system for nonstationary applications in- 
cluding vehicle drive, according to this invention. The 
installation consists of five component systems, each of 
which has functions of a specifc category. The com- 
pressed-fluid tank system 41 has high-pressure tanks and 
50 all the subsystems needed to regulate the pressure, tem- 
perature, and flow-rate of said compressed-fluid into 
and out of the expander/compresssor system 42. The 
expander/compressor to be used may be of the axial- 
flow type, the radial-flow type, the centrifugal type, or 
55 the reciprocating type. It may have a single stage or 
multiple stages having more than one inlet and outlet. If 
desirable, it may include a separate compressor unit for 
compressing the atmospheric air for recovering the 
braking energy or energency refilling of said tanks. Said 
60 system 42 is provided with all the necessary means for 
controlling the flow and pressure of the fluid being 
expanded or compressed. It has a mechanical linkage 
with the drive train/differential system 43 for transmit- 
ting the shaft-power through said system 43 to the ob- 
65 ject to be driven, such as drive trains in case of a vehi- 
cle. The flywheel/motor/alternator system 44 normally 
includes a clutch and gears for transmitting the shaft- 
power between said systems 44 and said expander/com- 
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pressor system 42 or said drive train/differential system 
43, at a desired speed ratio. System 44 normally includes 
an A.C. motor for driving the flywheel in an emergency 
refilling of the compressed-fluid tanks. It also contains 
an alternator to generate the electrical power required 5 
for operating all the electrical devices, instruments and 
controls used in the specific nonstationary application. 
The mechanical linkage between the flywheel/motor- 
/altemator system 44 and the drive train/differential 
system 43 can be made or disconnected through the use io 
of said clutch included in the system 44. In this way, the 
flywheel can perform anyone of its several functions, as 
already described above in reference to FIG. 1. The 
control system 45 contains all the necessary automatic 
and manual controls that are needed for the specific 15 
nonstationary application. The types of devices, instru- 
ments, controls, and other subsystem components 
which will perform the purported functions of systems 
41, 42, 43, 44, and 45 are well known in the art and may 
easily be provided. 20 

Since the use of a flywheel as a means for energy 
storage and shaft drive is not as common as that of a 
compressed-air turbine, which has been in use by vari- 
ous industries as long as air compressors have been 
known, it should be instructive to briefly discuss various 25 
important aspects of the design and operation of 
flywheels applicable to this invention. 

While the energy stored in a flywheel is proportional 
to the square of the rotational speed, the theoretical 
maximum specific energy (E/W)max of a flywheel is 30 
determined by the strength/density ratio of the material 
from which it is made. The following relationship may 
be used for the weight specific energy: 

(£/^m^kw-hr/lb)=0.0314 KwHlcpsiyoflb/in 3 ) 35 

where 2 and 6 are the stress-level and density of the 
structural material respectively, and the numerical fac- 
tor derives from the choice of units used. Kw is a con- 
stant which indicates the efficiency with which the 
particular design utilizes the material’s strength, and is a 
maximum if the stress is distributed uniformly through- 
out. Therefore, in an optimum design for isotropic ma- 
terial, both radial and tangential stresses would be equal 
and uniform, and Kw approaches a valve of 1. In a 
realistic design, the energy per unit weight must be 45 
sacrificed somewhat in order to reduce the space re- 
quired, and with it the weight and cost of the safety 
shield and gas or vacuum enclosure. The theoretical 
maximum specific energy of a flywheel may also be 
expressed as the maximum energy stored, per unit vol- 50 
ume of the cylinder enclosing the flywheel's maximum 
axial height and its maximum radial dimension. The 
volumetric specific energy may be given by: 

(£/O mM <ltw-hr/ft 3 ) = 0.0542 KvZ(kpsi) 55 

where the numerical factor derives from the choice of 
units used, and Kv is the efficiency with which the 
particular design fills the cylindrical volume as well as 
utilizing the material's strength; for a uniform-density 60 
material, it equals Kw times the fraction of cylindrical 
volume occupied by the flywheel. 

As discussed above, the capacity of a flywheel system 
as an energy storage medium is dependent on the 
strength/density ratio and the strength of the structural 65 
material of the flywheel. The stress level that can actu- 
ally be utilized in the structural material is lower than 
the highest values obtained in the laborato: due to 
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structural flaws which might be present in the material 
used and/or flaws which have grown as a result of 
cyclic loading and/or high-cycle fatigue of the 
flywheel. Thus, the usable stress level and the resulting 
energy storage density will depend not only on the 
design and the material selected, but also on the homo- 
geneity of the properties of the structural material used. 
Structural materials used in flywheels may be classified 
into the two categories, isotropic materials and unidi- 
rectional composite materials. The most commonly 
used materials are: metals, alloys, glass, graphite, plas- 
tics, fiber-reinforced composites, etc. 

A complete flywheel system consists of various sub- 
system components other than the flywheel itself. The 
principle subsystem components are: the housing, bear- 
ings, seals, vacuum pump (to minimize windage losses), 
and containing ring (if required). 

Part of the kinetic energy stored in a flywheel will in 
general be nonrecoverable, either due to internal losses 
or as a result of constraints imposed by other parts of 
the system. Sources of the internal losses include wind- 
age, bearings and seal friction, vacuum pump power 
requirement, and inefficiencies in both motor and gear 
systems (if used). The system constraints normally in- 
clude the maximum rotational speed obtainable and the 
minimum rotational speed at which the required power 
can be delivered as a result of the limitation in the maxi- 
mum permissible torque due to shear stresses in the 
flywheel system. The internal losses are the source of 
idling losses of a flywheel system. Both the idling losses 
and the system constraints will affect the rotational 
speed, which in turn determines the power levels of the 
flywheel system. The results of studies made by this 
inventor as well as other workers indicates that the 
power levels and service life of flywheels may far ex- 
ceed those of common battery systems. 

Many historical as well as modern applications of 
flywheels were reviewed by several workers including: 
R. C. Clark, Trans. SAE 72, 508, (1964); D. W. Raben- 
horst, Preprints, ACS Division of Fuel Chemistry, 19 
(6), 162-171 (Sept. 1974); and D. W. Rabenhorst and R. 

I. Taylor, Johns Hopkins Report TG 1229 (Dec. 1973). 
Many reports of studies made on various important 
aspects of flywheels can be easily found in the literature. 

Thus, a hybrid flywheel/compressed-fluid powered, 
regenerative, quick-recharging, nonpolluting propul- 
sion system for nonstationary applications, such as vehi- 
cle drive, which can use the unlimited supply of air as 
the working fluid and requires no fuels has been shown. 
The hybrid propulsion system has the effects and per- 
formance characteristics that are quite different from 
those of the conventional flywheel power system or of 
the conventional compressed-air power system, as may 
be ovbious from the above discussion. Although a pref- 
erable embodiment using air as the working fluid for 
application to vehicle drive has been disclosed fully, it 
will be obvious to those skilled in the art that various 
modifications and other applications may be made with- 
out departing from the spirit of the invention, as exem- 
plified by the typical application shown in FIG. 2. To- 
day, various improved and light materials, such as fiber- 
reinforced composite materials, are available for the 
construction of high-pressure tanks and flywheels hav- 
ing high-performance characterisitics. With these im- 
proved materials, high-pressure tanks and flywheels can 
be designed and constructed economically to withstand 
working stresses over several hundred thousand pounds 
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per square inch, and flywheels can be constructed to 
provide service cycles as many as nearly a million cy- 
cles. High-pressure compressors can be installed easily 
in service stations and parking lots across the country to 
provide a quick-refilling of the compressed-air tanks 5 
used in vehicles driven by the invention, as often as 
needed. To assist the invention in long-range crusing, a 
small combustion-engine powered compressor may be 
carried or installed in the vehicle in order to refdl the 
compressed-air tanks wherever and whenever needed. 10 
The compressed-fluid, such as compressed-air, carried 
in the vehicle can be partly used for generating cold and 
hot air streams by using a vortex-tube, for cooling or 
heating the interior of the vehicle for the comfort of 
passengers. Today, vehicles can be designed and built to 15 
utilize lighter materials, achieve lower aerodynamic 
drag losses by reducing frontal area and drag coeffici- 
ent, reduce spinlosses by using more efficient bearings 
and gears, and lower rolling resistance by using radial 
tires. Needless to say, all of these factors have the effect 20 
of improving vehicle range for a fixed charge of com- 
pressed-air. 

It should be noted that the present invention is in- 
tended for and adaptable to all nonstationary applica- 
tions. It may use any nonpolluting fluid as the energy- 25 
storage medium, any type of expander or compressor 
for generating and regenerating shaft power, and any 
type of flywheel for storing and regenerating shaft 
power. It may also be used in conjunction with another 
propulsion system, if desirable. It is the combination of 30 
a compressed-fluid power system and a regenerative 
flywheel power system, which produces the desirable 
effects and characteristics that are absent from the con- 
ventional compressed-fluid power system alone or the 
conventional flywheel power system alone, that is the 35 
heart of the present invention. 

The invention claimed is: 

1. A hybrid flywheel/compressed-fluid propulsion 
system for a self-propelled object, said system compris- 
ing: 40 

(A) a rotatable drive shaft adapted to propel said 
object when rotated; 

(B) energy conversion means connected to said drive 
shaft and employing a compressible working fluid, 
said energy conversion means being adapted, when 45 
supplied with said working fluid in a compressed 
state, to expand said working fluid and produce 
shaft work for transmission through said drive 
shaft; 
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(C) a primary container for storing said compressible 
working fluid in compressed state; 

(D) first conduit means adapted to connect said pri- 
mary container and said energy conversion means, 
and to supply compressed working fluid to said 
energy conversion means; 

(E) first valve means interrupting said first conduit 
means and adapted to selectively control the flow 
of compressed working fluid to said conversion 
means; and 

(F) a flywheel connected to said drive shaft through 
disconnecting means adapted to selectively con- 
nect said disconnect, independent of said conver- 
sion means, said flywheel from said drive shaft. 

2. Propulsion system according to claim I and addi- 
tionally comprising separate drive means adapted to 
selectively and independently drive said flywheel. 

3. Propulsion system according to claim 1 addition- 
ally comprising a generator connected to said flywheel 
and adapted to generate electrical power when rotated, 
and a rechargeable battery for storing the electrical 
energy so generated. 

4. Propulsion system according to claim 1 wherein 
said energy conversion means also is adapted, when 
driven by said drive shaft and supplied with said work- 
ing fluid in noncompressed state, to compress said 
working fluid through conversion of shaft work trans- 
mitted by said drive shaft into work of compression. 

5. Propulsion system according to claim 4 and addi- 
tionally comprising: 

(A) a secondary container for storing said working 
fluid in compressed state; 

(B) second conduit means adapted to connect said 
secondary container and said energy conversion 
means, and to transmit compressed working fluid 
between said energy conversion means and said 
secondary container; 

(C) second valve means interrupting said second con- 
duit means and adapted to selectively control the 
flow of compressed working fluid therethrough; 
and 

(D) third valve means adapted to selectively connect 
said first conduit means and said second conduit 
means to said conversion means. 

6. Propulsion system according to claim 1 or 5 and 
additionally comprising means for heating and control- 
ling the temperature of said working fluid inside of said 
container. 


* * * » « 
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[57] ABSTRACT 

Air motor cylinders are paired, with one cylinder hav- 
ing a greater volume than the other. Lever arms at- 
tached to two pistons in these cylinders have a length 
differential which compensates for the volume dif- 
ferential so that both pistons perform the same 
amount of work on a load device. Attached to a drive 
shaft for driving the load device is a tachometer which 
indicates when the load is applied or removed. When 
the tachometer indicates that the load has slackened, 
valves operate so that one of the cylinders ceases to 
act as a driving force and acts, instead, as a compres- 
sor, thereby returning air to a compressed air tank. 
Thus, during a slack load conditions, the compression 
cylinder stores energy to drive the system during high 
load conditions. 

1 1 Claims, 2 Drawing Figures 
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ANTI-POLLUTION REGENERATIVE ENGINE 

This invention relates to anti-pollution engines and 
more particularly to push-pull hot air motors with a 
regenerative compressed air feed during unloaded or 
negative load conditions. 

Primarily the invention contemplates a clean air 
motor or engine for an automobile; however, the motor 
has universal use for driving any suitable load device. In 
greater detail, the present day internal combustion en- 
gine is blamed for air pollution, especially in densely 
populated centers, such as large cities. Accordingly, 
there is a need for a clean air motor which will propel 
an automobile without contributing to further pollu- 
tion. While it is desirable for such a motor to propel the 
automobiles at great speeds, this is not necessarily a 
primary objective. Quite the contrary, the air pollution 
problems are most severe in the more densely popu- 
lated centers where low speeds of 35 mph., or less, are 
more than adequate. 

One form of motor which should be ideal for solving 
air pollution problems, for city driving, is run by heated 
compressed air. Air motors are compact, lightweight 
sources of smooth, vibrationless power, and they can- 
not be harmed by overloading. In common with most 
fluid motors, they have high torque and power, per 
pound of weight. There is no significant heat build-up 
when air motors are stalled for considerable lengths of 
time. Air motors may stop and start instantly and pro- 
vide an infinitely variable control of torque and speed. 
However, as with most machinery, there are many ad- 
vantages if these motors are designed to run continu- 
ously and under substantially uniform load. 

These air motors cannot directly convert energy 
released by an unregulated expansion of compressed 
air into a mechanical converter since the cooling effect, 
obtained when air or gas expands, limits the amount of 
expansion that can be used effectively. If air were ex- 
panded through an air motor at a high ratio of initial 
compression to final expansion, there would be a freez- 
ing of moisture in the air motor. Therefore, the air 
motor is designed to use air at a regulated line pressure 
working on a piston head. 

These piston-type air motors may have any suitable 
number of cylinders, arranged in any suitable positions, 
such as a V -8 configuration, for example. Output 
torque is developed by pressure working on a piston 
confined within each of these cylinders. More power is 
obtained by using a motor with a higher speed revolu- 
tion, larger piston diameter, more pistons, or increased 
stroke. 

Accordingly, it is apparent that air motors are ideally 
suited to driving automobiles. Since these motors can 
lug heavy loads at all speeds, they are particularly 
adaptable to slow-speed operation, and especially to 
driving automobiles at low city speeds. However, there 
are practical problems since the compressed air tanks 
would be prohibitively large to drive the auto for even a 
short distance, and increased compression ratios do not 
solve the problems. On the other hand, much of city 
driving is stop and go, pulling and coasting, etc. There- 
fore, if the automobile’s primary motive power source 
is used to store compressed air at all times when the 
power source is not pulling the automobile, the com- 
pressed air tank can be made much smaller 

Accordingly, an object of the invention is to provide 
a clean air, pollution-free automobile by taking ad- 
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vantage of all of these and other desirable features of 
air motors. In particular, an object is to provide an air 
motor which runs at constant speeds and under 
uniform loading, despite widely fluctuating load condi- 
5 tions. Here an object is to maintain a uniform dynamic 
inertia, despite widely fluctuating load conditions. 

Another object is to provide an air motor which au- 
tomatically returns energy to the system during un- 
loaded, lightly loaded, or even negatively loaded condi- 
1 0 tions. In this connection, an object is to almost instantly 
perform substantial work functions and to run 
smoothly when the work load is removed. 

Vet another object of the invention is to provide an 
( 5 automobile driven by compressed air. Here an object is 
to provide an automobile with an air motor which 
delivers a full power output at all times, with the excess 
power being used to store energy, by compressing air, 
during periods while the automobile is not otherwise 
20 drawing full power. In particular, an object is to pro- 
vide an automobile especially well suited for stop and 
go driving in crowded city streets. 

In keeping with an aspect of the invention, air motor 
cylinders are paired with a piston in one cylinder hav- 
25 ing a shorter stroke than the piston in the other 
cylinder. Lever arms attached to the two pistons have a 
length differential which compensates for the stroke 
differential, so that both pistons perform the same 
amount of work on a load device. A tachometer at- 
30 tached to a shaft driving the load indicates when the 
load is applied or removed. When the tachometer in- 
dicates that the load has slackened, valves operate so 
that one of the cylinders ceases to act as a driving 
cylinder and acts, instead, as a compressor, thereby 
35 returning air to a compressed air tank. Thus, during 
slack load conditions, the compression cylinder stores 
energy to drive the system during high load conditions. 

For example, if the air motor is used as the prime 
40 driving source for an automobile which runs up hills 
and down hills, the compressed air is expended to drive 
the automobile uphill. As the automobile runs down 
hill, its falling weight rotates the air motor and thereby 
stores compressed air. Thus, the work performed by 
45 the falling weight of the automobile is stored, as energy, 
in the form of compressed air. Likewise, each time that 
the automobile stops, the motor continues to run, and 
power is stored to drive the automobile when it starts 
again. Thus, the air motor runs smoothly, as if it were 
50 exposed to a uniform and unvarying load regardless of 
whether the automobile is running uphill, downhill, 
through traffic, or when stopped at a traffic light. 

The nature of a preferred embodiment of the inven- 
tion for accomplishing these and other objects may be 
55 understood best from a study of the following descrip- 
tion and the attached drawing in which; 

FIG. 1 schematically shows an automobile driven by 
the inventive compressed air system, with part of the 
hood broken away to show such system in the sche- 
60 matic form of a block diagram, and 

FIG. 2 schematically shows a pair of air cylinders, 
and the controls for an associated compressed air line, 
required to realize the invention. 

Briefly, FIG. 1 shows an automobile with the hood 
; r c :i partially broken away to show the inventive source 
of motive power. This source includes a relatively small 
compressor 10 which may be driven by any suitable 
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small engine to store compressed air in air accumula 
tion tank 1 1. One or more booster tanks 12 increase air 
pressure by a relatively non-polluting means, such as 
being heated by a heat source 62. The air in the 
boosted pressure tank 12 drives an air motor 16 which 
includes a number of paired pistons, here shown in an 
exemplary V-configuration. The air motor 16 is con- 
nected to a transmission 17 of a conventional type. Ex- 
cept for this power source, the automobile of FIG 1 is 
conventional. 

FIG 2 shows the mechanical parts of the air system 
in heavily inked lines; the moving pistons, shafts, and 
levers are shown by crosshatching; and the air line is 
shown by parallel lines. More particularly, the air 
system includes the compressor, the high pressure ac- 
cumulator tank 11, and the booster tank 12. Three 
tanks 12, 12' and 12" are here shown so that one tank 
is always being pressurized, one pressurized tank is on 
stand-by, and one tank is being exhausted The air 
motor includes a pair of air cylinders 14, 15 — having 
short and long strokes respectively. The short stroke 
cylinder 14 is a driving or input device which always 
furnishes motive power for the total system. The long 
stroke or output cylinder 15 may either supplement the 
cylinder 14 by providing a driving force; or it may also 
serve as a compressor and act as a load by returning 
compressed air to the high pressure accumulation tank 
1 1 , during periods when the automobile is not using full 
motor power. 

The moving parts of the system include a pair of 
pistons 20 and 21, in the short stroke cylinder 14 and 
the long stroke cylinder 15, respectively. Wrist pins 22, 
23 pivotally attach first and second connecting rods 24, 
25 to the pistons 20, 21, respectively. Any suitable 
packing means, such as piston rings or Teflon O-rings, 
26, 27, seal the pistons 20, 21 to the walls of the cylin- 
ders 14, 15, respectively. Likewise, similar packing 
means 28, 29 seal the rods 24, 25, respectively, to 
sleeves in the cylinders 26, 27. While the drawing 
shows only two cylinders 14. 15, it should be un- 
derstood that any suitable number (such as four, six, or 
eight ) could be provided in a straight line, a V -configu- 
ration, or a radial arrangement. In automobiles, the V- 
configuration is preferred. 

The connecting rods 24, 25 are interconnected by a 
rocker arm 31, pivoted at a fixed or ground point 32. 
The useful work load is taken from a third connecting 
rod 33 which is attached to the rocker arm 31 at the 
point 34. The length of the rocker arm 31 is divided 
into two parts. One rocker arm part X is measured from 
ground point 32 to the connecting rod 25 pivot point 
35. The other rocker arm part Y extends from the 
ground point 32 to the connecting rod 24 pivot point 
36 

The longer part X of the rocker arm 31 is divided 
into two parts U and V. The part U extends between 
the load take off point 34 and the connecting rod 25 
point 35. The other part V extends between the load 
take off point 34 and the ground point 32. The relative 
lengths of the lever arms U, V, X, and Y are selected 
with respect to the lengths of the two piston strokes so 
that both cylinders contribute essentially the same dnv- 
r orce to the connecting rod 33. 

... :ne larger size motors with many cylinders, the 
. .-r, aruction is more nearly like the construction of 


conventional automobile engines with conventional 
piston tings, crank cases, and compression appears on 
only one side of the piston. If the air motor is a large 
and complex one, somewhat similar in construction to 
5 an automobile engine, the same lever arm differential 
(X-Y) may be provided by using a crank shaft having 
throws of different lengths. Of course, care is taken to 
maintain a dynamic engine balance. 

While the foregoing description speaks of the air 
10 motor as the prime mover for driving an automobile, 
the exact nature of the load is not too relevant How- 
ever. for a schematic disclosure, the load device is here 
shown as a driven fly wheel 40 rotating about an axle 
^ 41 responsive to the reciprocating motion of connect- 
ing rod 33 acting upon a pin 42 near the rim of the 
wheel 40. The fly wheel axle 41 could impart motion 
directly; or, a suitable speed reduction gearing (e.g., 
transmission 17) may be provided. As here shown, for 
schematic purposes, the speed reduction is accom- 
plished by providing a small pulley wheel 43 driven by a 
belt 44. The drive shaft 45 rotates responsive to the 
power applied to the pulley 43. 

A tachometer 46 detects the varying load conditions 
experienced by the shaft 45. Thus, when a load is ap- 
plied to the shaft 45, there is a slight tendency for the 
shaft to slow, and the tachometer 46 so indicates. In the 
above-slated analogy, this is somewhat like a driven au- 
tomobile going uphill. On the other hand, if the load is 
removed, or tends to become negative, the shaft 45 
tends to speed up, and the tachometer 46 so indicates. 
For example, there is no load if the automobile stops at 
a traffic light; or, shaft 45 experiences a negative load if 
the automobile runs downhill. 

The letters A and B are used to indicate the two 
reciprocating motions of the connecting rod 33, as in- 
dicated in the drawing near the reference character 47. 
These two letters A and B are also used in circles el- 
sewhere in the drawing to identify valves which open 
and close responsive to the movement of shaft 33. 
Thus, all A valves open (and all B valves close) when 
the shaft 33 moves in the direction A. Conversely, all B 
valves open (and all A valves close) when the shaft 33 
moves in the direction B. 

Vents to the atmosphere are shown by two short, 
open end lines, as at 48, for example. 

On the cylinder 15, a pair of valves, 50, 51 and 50', 
51' are controlled responsive to signals from the 
tachometer 46. Thus, when the shaft 45 is running 
under a substantial load, the tachometer signal sets the 
valves 50, 51 to extend the air line 52 to the A valve 53, 
and the B valve 54 to the atmosphere vent, respective- 
ly. When the shaft 45 is running under a reduced load, 
no load, or a negative load, the tachometer signal sets 
the valves 50, 51 to connect the A valve 53 to the at- 
mosphere vent 56 and the B valve 54 to the air line 57, 
respectively. Similar results occur at the valves 50' and 
51 

A pressure regulator 58 may take any suitable form. 
Its chief function is to admit a predetermined amount 
of air pressure to the air line 52, regardless of the pres- 
sure in the booster tanks 12 (assuming that the tank 
pressure is at least high enough to maintain the line 
pressure). Thus, the expansion of air in the cylinders 
14, 15 is always constant and below tne level which 
might cause ice to form. 
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A number of pressure actuated valves are shown m 
the drawing by small rectangles, such as 60, For exam- 
ple, if the air pressure from compressor 10 exceeds air 
pressure in tank 11, the valve 60 opens and air passes 
from the compressor 10 into the tank 11, However, if 
pressure 1 1 is the greater, valve 60 is closed, and air 
cannot pass from the tank 1 1 to the compressor 10. 

With the foregoing description of the apparatus and 
components in mind, it is thought that the invention 
will best be understood by the following step-by-step 
description of the work cycle. 

First, the compressor 10 Fills tank 11 to the max- 
imum supplied pressure. Thereafter, the compressor 10 
operates on demand. Whenever the line pressure c 
drops, the compressor 10 starts and repressurizes the 
tank 1 1 . Thus, the tank 1 1 rarely falls below a predeter- 
mined pressure. 

THe air in tank 11 passes through valve 61 to fill a 
First of the booster tanks 12. A flame 62 symbolically 
indicates that energy is added to further increase the air 
pressure at this point in the system Thus, there is an air 
pressure differential between tanks 11 and 12, To in- 
sure a constant supply of air at such a boosted pressure, 
a plurality of booster tanks 12 may be provided with 
one tank 12 being pressurized while another tank 12' is 
being exhausted, and a fully pressurized tank 12" is 
standing by. While the flame 62 implies that pressure is 
increased by heating the compressed air, the invention 
is broad enough to cover any suitable pressure booster 
system. The tank 1 1 is fairly large to enable storage of a 
sufficient amount of air, which is subject to pressure 
fluctuation. The three booster tanks 12 are fairly small, 
and enough energy is provided at 62 to avoid substan- 
tially all pressure fluctuation. The pressure regulators 
58 further attenuate any pressure fluctuations which 
might otherwise occur in the line 52. Thus, the air line 
52 is supplied with a well regulated air pressure. 

Next, assume that the connecting rod 33 is moved in 
direction A. All of the A valves open, and all of the B 
valves close. Air from line 52 passes through the A 
valve 63 to drive the piston 20 to the left, as viewed in 
FIG. 2. The moving piston 20 pushes air out the A valve 
64 and into the atmosphere. Also, air in line 52 passes 
through valves 50, 53 to drive the piston 21 to the right, 
as viewed in FIG. 2. Air is pushed out of cylinder 15 via 
the valves 65 and 50'. 

The rod 24 slides to the left, the rod 25 slides to the 
right, and rocker arm 31 rocks in a clockwise direction 
about the ground point 32. The connecting rod 33 
moves to the right, and wheel 40 turns in a clockwise 
direction. 

When the rod 33 reaches the end of its rightward 
stroke, the A valves close, and the B valves open. The 
valves operate in any well known manner such as 
through the use of pressure differentials or through the 
use of lifter arms operated by cams. The B valve 70 ad- 
mits air from line 52 to push the piston 20 to the right, 
as viewed in FIG. 2. The moving piston 20 pushes air 
out the B valve 71, and into the atmosphere at vent 48. 
The air in line 52 is admitted via valve 72 to push the 
piston 21 to the left. Air is pushed out valves 54 and 51 
to the atmosphere at vent 55. The rod 24 moves to the 
right, rod 25 moves to the left, and rocker arm 31 rocks 
in a counterclockwise direction. Connector rod 33 
moves to the left in direction B, and wheel 40 continues 
to rotate in a clockwise direction. 
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As it turns, the fly wheel 40 imparts power through 
belt 44 to pulley 43 and shaft 45.'or through transmis 
sion 17 (FIG 1 ) to shaft 45. 

If the shaft 45 is under load (as when an automobile 
5 is moving uphill), the tachometer 46 gives a signal, and 
the system continues to operate in the described 
manner. Both pistons 20, 21 contribute approximately 
the same work force to the motive system, owing to the 
differentials of lever arm lengths, piston strokes, and 
10 the like. 

Next, assume that the shaft 45 encounters a slight 
load, no load (as when an automobile stops ! or:: nega- 
tive load ( as when the automobile is moving downhill). 
The tachometer gives a signal which resets the valves 
15 50, 51, 50', and 51'. This valve operation disconnects 
the line 52 from cylinder 15. and connects line 57 
thereto. The air vents 56 and 76 are opened by valves 
50.51'. 

The drive or input cylinder 14 continues to work, as 
20 before described. When connecting rod 33 moves to 
the left, the B valves open, and the A valve close The 
operation of the valves occurs through the use of the 
previously mentioned well known means. Air is com- 
pressed through valves 54, 51, line 57, valve 75, and 
into tank 11. The back pressure on the left side of the 
piston 21 is relieved by air entering at vent 76 and 
passing through valves 51', 72. 

Upon reflection, it should be obvious that the system 
30 runs under substantially a full and uniform load. When 
power is taken from shaft 45, both cylinders apply 
power to the work load. When less or no power is taken 
from shaft 45 — or when the load actually drives the 
shaft — the compression of air within the cylinder 15 is 
35 used to repressurize the tank 11. Therefore, the 
mechanical parts of the system experience a fairly 
uniform loading regardless of the demands placed upon 
the system. 

The system is regenerative in that the compressed air 
40 taken from the system during heavy loading is returned 
— at least in part — to the system by the compressor 
action within cylinder 15 during periods of light load- 
ing. Moreover, since the average air pressure in the 
booster tanks 12 is higher than the air pressure in accu- 
45 mulator tank 11, there is a greater potential acting on 
the input or drive cylinder 14 than is resisting the out- 
put of compression cylinder 15. Accordingly, the 
stroke in cylinder 15 is made larger so that a greater 
amount of air is compressed and forced into tank 11 
50 The relative lengths of the piston strokes are selected 
with due regard to the potential resulting from the pres- 
sure differential between tanks 11 and 12 and the fric 
tional losses in the system. Thus, if the shaft 45 is un- 
loaded for an extended period of time, the output 
55 cylinder 15 is able to compress air into the tank 11 up 
to the limits set by any safety valve and by the energy 
supplied at 62 or by a negative loading acting on the 
shaft 45. In theory, at least, there is no reason why the 
work done by, say an automobile running downhill for 
60 a predetermined distance, could not provide most of 
the energy required to bring tank 11 up to substantial:-, 
full pressure. Or in traffic conditions with stop anti go 
driving, the automobile motor stores energy iuringj 
5 light loading to help drive the automobile curing 
periods of heavy loading. 

From the foregoing, it should be apparent that 
vention has particular value when : v ne!-. o , c — 
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load condition is experienced as in stop and go city 
driving. Moreover, further sophistication allows room 
for degrees of adjustment. For example, if there are six 
cylinders in the motor 16, one cylinder 15 could be 
switched to compression for a slight reduction in shaft 
loading, two cylinders 15 could be switched for medi- 
um load reduction, and three cylinders 15 could be 
switched for maximum load reduction. Moreover, the 
foregoing speaks in terms of differential strokes and 
lever arms. Similar effects may be produced by dif- 
ferential cylinder bores or capacities. The terms "long 
stroke” and “short stroke " are to be construed to have 
a meaning broad enough to cover equivalent modifica- 
tions of bore, or capacity. 

Still other modifications will readily occur to those 
skilled in the art. Therefore, the appended claims are to 
be construed to cover all equivalent structures which 
may fall within the spirit and the scope of the invention 
I claim: 

1. An air motor comprising means including a tank 
for accumulating compressed air under a predeter- 
mined pressure, 

first cylinder means having a piston with a relatively 
short stroke and a second cylinder means having a 
piston with a relatively long stroke, 
means responsive to the air pressure in said accumu- 
lating tank for driving at least one of said pistons in 
at least one of said cylinders, 
means responsive to power from the piston in said 
one of said cylinders for driving the other of said 
pistons in the other of said cylinders, and 
means comprising said driven piston in the other 
cylinder for compressing air in said accumulating 
tank. 

2. The air motor of claim 1 and means for boosting 
the air pressure between said accumulating tank and 
said one piston, thereby creating a work potential 
responsive to a differential of air pressure between the 
input of said piston and said accumulating tank. 

3. The air motor of claim 1 and means for normally 
coupling said first and second cylinders for the as- 
sociated pistons to be driven responsive to the air pres- 


8 , 

sure in said tank, and 

means for normally interconnecting said two pistons 
to apply work to a load device. 

4. The air motor of claim 3 and detector means as- 
5 sociated with said work load for detecting when there is 

a reduction in said work load, and 

means responsive to said detection of said work load 
reduction for switching the coupling to cause said 
driven piston to supply said compressed air to said 
10 tank, whereby said motor tends to run under fairly 
constant loads. 

5. The air motor of claim 3 wherein said intercon- 
necting means comprises a plurality of lever arms hav- 
ing relative lengths which are related to the difference 

1 5 between said strokes so that each of said pistons does 
substantially the same work with respect to said load 
device. 

6. The air motor of claim 5 wherein said lever arms 
are coupled to rotate a shaft, and 

20 said detector means comprises a tachometer for de- 
tecting when said shaft speeds up or slows down, 
and 

means responsive to said tachometer for switching 
the cylinder having the other of said pistons 
■>5 between a driven mode and a compressing mode 
of operation. 

7. The air motor of claim 6 and pressure regulator 
means interposed between said tank and said cylinders. 

8. The air motor of claim 7 and pressure booster tank 
30 means interposed between said pressure regulator and 

said tank. 

9. The air motor of claim 8 wherein there are at least 
two of said pressure booster tank means and means for 
pressurizing one of said booster tanks while the other of 

35 said booster tanks is being exhausted. 

10. The air motor of claim 3 and means for coupling 
said interconnecting means to drive an automobile 
transmission. 

11. The air motor of claim 10 and means responsive 
40 to the weight of an automobile rolling downhill for 

coupling said other cylinder to apply compressed air to 
said tank. 


* * * » 
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Street Railway Journal, May 1S36 


New Compressed Air Motor. 

A Pittsburg mechanic claims to have in- 
vented a compressed air motor for street 
car travel, an entirely new and economical 
principle. The front wheels are unusually 
lnrge, and there arc small air pumps, three 
inches stroke by throe diameter, Bet in the 
periphery of the wheels. The force of the 
air pump is exerted by the Weight of the 
car over the wheel, calculated at 1,000 
pounds to each wheel. The air thus com- 
pressed paBsen into the hollow hub of the 
wheel, whence it carries its force into the 
receiver. 
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l>. In u automobile vehicle in combination a tank for holding liquid 
fuel and air, a water-tank, a boiler, a pump for forcing air into aaid air- 
Unk and a pump for forcing water into said boiler, a toggle-joint con- 
necting the piston* of said pumps,, the elbow of said toggle-joint and aaid 
pair of pumps being connected, the one to the body, the ’other to the run- 
ning-gear of aaid vehicle, means for automatically wasting the excess of 
air pumped by aaid first-uaraed pomp and separate means for diverting 
the flow of water from ®*id second-named pump either to aaid boikr or 
to »aid water-tank, substantially as described. 

7 , In an automobile vehicle in combination a tank for holding liquid 
fuel and air, a water-tank, a boiler, a pump for forcing air into said air- 
tank and a pump for forcing water into said boiler, a toggle-joint connect- 
ing the pistons of said pumps, the elbow of said toggle-joint and said pair 
of pumps being connected, the one to the body, the other to the running- 
gear of said vehicle, means for automatically wasting the excew^ of air 
pumped by said first-named pump and separate manually-operatjve means 
for diverting the flow of water from said second-named pump either to 
vaid boiler or to said water-tank, substantially as described. 

8. In an automobile vehicle in combination a tank for holding liquid 
tud and air, a water-tank, a boiler, a pump for forcing air into said air- 
tank, a second pump for forcing water into said boiler, a toggle-joint con- 
hfvtirig the pistons of said pumps, the elbow of said toggle-joint and said 
pair of pumps being connected, the one to the body, the other to the run- 
ning-goar of said vehicle, aaid pumps being in line with and facing each 
other and so spaced apart that their pistons reach the extreme end of their 
strokes when said toggle-joint is fully extended, substantially ms deacribed. 
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684,953. PUMPINO DEVICE FOR AUT0M0BILE& WlUUlf. 
Singer. Hew York, N. Y. Filed July It. 1901. Serial »a S« 



•jecling the pistons of said pomps, the elbow of said toggle-joinU and the 
^jr of said pumps being connected, the one to the body, the other to the 
running-gear of said vehicle, whereby the relative vertical motion of aaid 
body is utilised to reciprocate said pump-pistons, substantially as described. 

2. In an aotomobile vehicle in combination a tank for bolding Hquid 
fuel ind air, a water-tank, a boiler, pumps for forcing air into said air-tank 
W id water into said boiler respectively, a toggle-joint connecting the p»- 
loiis of said pumps the elbow of said toggle-joints and the pair of said 
pumps being connected, the one to the body, the other to the runuing- 
•car of said vehicle, whereby the relative vertical motion of said body in 
either direction is utilized to reciprocate said pump-pistons, substantially 
*< described, 

3 . In an automobile vehicle In combination a tank for bolding hquid 
f ur | and air, an air-pump, means whereby the vertical movement of the 
body of said vehicle relative to its running-gear is utilized to drive said 
pump, a pipe leading from said pump to said tank and a p re** u re-re lief 
valve whereby any excess of sir is wasted into the atmosphere, *ob«un- 
tiilly a* described. 

4. In an automobile vehicle in combination a water-tank, a boiler, a 
pump, means whereby the vertical movement of the body of aaid vehicle 
irlatiic to its ruuning-geat is utilized to drive said pump, an inlet-pipe 
leading from said tank to said pump, an outlet-pipe leading from aaid 
pump both to said boiler and to said tank, and mean*, a* a three-way 
rock in said pipe, for diverting the flow of water from aaid pump either 
to said boiler or to said tank, substantially as described. 

f>. In an automobile vehicle in combination a water-tank, a boiler, a 
pump, mean* whereby the vertical movement of the body of *aid vehicle 
relative to it* running-gear is utilized to drive said pump, an mid-pipe 
leading from said tank to said pump, an outlet-pipe leading from aaid 
pump both to said boiler and to said tank, means, a* a three-way cock in 
•aid pipe, for diverting the flow of water from said pump either to aaid 
boiler or to aaid tank, and manually-operative means for manipulating 
aaid water-diverting means, substantially as described. 
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887,505. AIR-CUSHION AND AIR-COMPRESSOR FOR 
AUTOMOBILES AND OTHER VEHICLES. Wesley 
H. Nelson and Lee W, Galloway, Norwood, Colo. Filed 
May 27, 1907. Serial No. 375,950. 



1. A vehicle having an air compressing apparatus com- 
prising a plurality of double-acting air pumps mounted upon 
the wheel-axle and having the rods of their pistons con- 
nected to the bottom of the vehicle, an air reservoir fixed 
to said vehicle-bottom, an arrangement of pipes having 
communication with the clylnders of said pumps opening 
above and below the pistons of said pumps, and means 
delivering air pressure from said arrangement of pipes to 
said air-reservoir. 

2. A vehicle having an air compressing apparatus com- 
prising a plurality of double-acting air-pumps mounted 
upon the wheel-axle and having the rods of their pistons 
connected to the bottom of the vehicle, an air-reservoir 
fixed to said vehicle-bottom, an arrangement of pipes 
having communication with the cylinders of said pumps 
opening above and below the pistons of said pumps, and 
a pipe-coil having connection with said air-reservoir for 
utilizing the air-pressure thereof. 
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In a supplementary power :*■ r so!: propelled 

vohir]**s. the combination with a k, <>i a rectan-ruiar 
easim: rising from said mirk, a car ■■d\ siidai.ly on-a^ed 
t heroin, a chamber formed fe^twcn *!■■■ lower portion of 
said car body and said truck, a plurality of compression 
springs in said chamber by which sa;d : ■ i > . 1 y is supported, 
air inlet valves entering said eh a::. ■» i r. a siirjle outlet 
valve from said chamber, an air .■* "« -rv. ■ : r. and tuouiar 
connections between said outlet v 1 \ • • and said air reser- 
voir. 
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1,862,195. AUTOMATIC PUMPING MECHANISM. 
Ralph L Nbwton, Kansas City, Mo. Piled Mar. 12, 
1930. Serial No. 435,092. J.1 Claims. (CL 230—33.) 



1. In an automatic pumping mechanism, the combina- 
tion with a vehicle having a supporting wheel, of a pump 
carried by said vehicle apart from and not revoluble 
with said wheel, an actuating member carried by said 
wheel and arranged, when said wheel travels along the 
grnund to strike the ground and to be moved thereby in 
one direction, yielding means for retracting said member, 
a lever fulcrumed on said vehicle and connected to and 
arranged, when oscillated, to operate said pump and mov- 
able by said member in one direction, and means for re- 
tracting said lever. 


1,409,140. PUMr. Upward J. Baisden, New York, N. Y. 
Piled Sept. 8, 1922. Serial No. 586,920. 2 Claims. 

(Cl. 230 — 27.1 



1. In a vehicle, an air compressor actuated by the ex- 
pansion and contraction of the springs of the vehicle, a 
storage tank, means for connecting the same with the com- 
pressor, means controlled by the air pressure within the 
tank for automatically interrupting the flow of air into the 
tank when the pressure exceeds a certain degree, a lack 
hingedly connected with a part of the vehicle, manually 
operated means f"i connecting the jack with the com- 
pressed air tank and means for normally supporting the 
Jack in raised position with its shoe in retracted position. 
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MOTOR VEHICLE 

Erwin C. Horton, Hamburg, N. Y., assignor to 
Trico Products Corporation, Buffalo, N. Y. 
Application April 26, 1935, Serial No. 18,479 
8 Claims, (a. 180—54) 



1. A motor vehicle having an axle, a body frame 
spring-supported thereon for relative movement, 
a power plant resiliency supported on the frame 
for relative movement, and an accessory having 
two parts movable relative to each other for its 
actuation, one of said parts being connected to 
the power plant and the other of said 'parts be- 
ing connected to the axle and operable by either 
or both of the relative movements set up between 
the axle and the body frame, on the one hand, 
and between the latter and the power plant, on 
the other hand. 
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ENERGY GENERATOR 

Landnn H. Howard. 2841 Monogram Arc. 90815. and 
Benjamin T. Howland. 3912 Canehill Arc. 90808. 
both of Long Beach. Calif. 

Filed Mar 12. 1967. Scr. No. 638,115 
Int. Cl. F04b 35 ; 02 

U.S. Cl. 417—231 1 Claim 


ABSTRACT OF THE DISCLOSE RE 

Energy generating apparatus haring relatively mov- 
able pump parts operably mountable between vehicle 
parts haring relative vertical movement ^hereby the 
pumping apparatus is operated to supply pressure fluid 
for operating fluid pressure operable means. 

BACKGROUND OF THE INVENTION 

While the present invention has particular utility on 
connection with the provision of an auxiliary power or 
energy source for operating an electrical generator or 
alternator or the like for putting an electrical charge 
into the batteries of an electric automobile or other 
vehicle, and is shown and described in such connection, 
it is to be understood that its utility is not confined there- 
to. 

As is well known, electrically operated vehicles have 
certain inherent disadvantages. For one thing, the range 
of operation with a battery charge is considerably lim- 
ited as the batteries run down rather rapidly and will 
then require recharging. 

Heretofore, as far as we are aware, attempts to pro- 
vide an auxiliary source of energy for replacing a part 
of the charge in the batteries as the vehicle is being used 
utilize some of the energy supplied by the primary power 
source. Such an arrangement is, of course, not satisfac- 
tory since no additional power is supplied that is not 
derived from said primary power source. 

The present invention solves the above problems by 
providing means for supplying an auxiliary power or 
energy source that is derived from movements of the 
vehicle that do not depend on the driving force of the 
primary power source. In other words, the present in- 
vention develops auxiliary power or energy from vehicle 
movements that do not take power from the primary 
power source. 

The invention may also function as the vehicle sus- 
pension system and provide a cushioning or stabilizing 
effect w hile acting as an energy generator. 

An example of the prior art is disclosed in the Di 
Perna Patent No. 2,941,613 which discloses an air gen- 
erator electric vehicle. There is a special generator adapted 
to apply a charge to the battery when the vehicle is in 
forward motion. This special generator is operated by 
ram pressure of air turning a vaned armature. With this 
arrangement there is air resistance to the auxiliary mech- 
anism which uses some of the energy or power of the 
piimarv power source. 

SUMMARY OF THE INVENTION 

An energy generator embodying the present invention 
may be attached adjacent each wheel of the vehicle and 
each of these generators has two main parts, a cylinder, 
and a piston reciprocally mounted therein, the device 
being of the double acting type for pumping fluid such 
as air. for example. The parts are connected between 
parts of the vehicle that have relative vertical motion. 
Each end of the cylinder is provided with check valve 
controlled inlet and outlet the latter being adapted to 
be connected to a fluid reservoir in which fluid pressure 
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is built up. Pressure fluid from the reservoir is used to 
drive an electric generator or alternator or the like or 
other vehicle accessories. 

Thus, relative vertical movements of the vehicle parts 
to which the device is operably connected effects pump- 
ing action of the device to pump fluid into the reservoir. 
This relative vertical movement of the vehicle parts does 
not take any power from the prime power source of the 
vehicle and the device will function when the vehicle 
is operated in reverse as well as forwardly. Thus the in- 
vention makes use of hitherto ignored forces resulting 
from vehicle operation. 

A vpring iv disposed at each end of the cylinder and 
acts on the piston. With this spring arrangement and a 
device for each wheel said device may serve as a part 
or all of the land vehicle's suspension system as well as 
providing an auxiliary source of energy or power. 

The characteristics and advantages of the invention 
are further sufficiently referred to in connection with the 
following detailed description of the accompanying draw- 
ing which illustrate one embodiment. After considering 
this example skilled persons will understand that many 
variations may be made without departing from the 
principles disclosed and we contemplate the' employment 
of any structures, arrangements or modes of operation 
that are properly within the scope of the appended 
claim. 

Referring to the drawings which are for illustrative 
purposes only: 

FIG. 1 is a front view 7 of a portion of a vehicle dia- 
grammatically showing a wheel supporting or suspension 
mechanism with the present invention operably mounted 
between parts of the suspension mechanism having rela- 
tive vertical movements; 

FIG. 2 is a diagrammatic side elevational view of 
an energy generator embodying the present invention, 
a portion being broken away and shown in section to 
show the interior construction; and 

FIG. 3 is a schematic or diagrammatic view of a 
pneumatic system incorporating the present invention. 

Referring more particularly to the drawings, there is 
shown, FIG. 1, one end of a cross frame member, indi- 
cated generally at 10. of a vehicle, said cross frame mem- 
ber having a central, horizontal part 12, an upwardly 
and outwardly inclined part 14 from the upper outward 
end of which there is a short horizontal part 16, at least 
the latter being hollow wfith front and back walls 18 
and 20 and a top wall 22. 

There is a wheel with a tire 24 thereon, said wheel 
being operably mounted on an axle 26, the latter having 
an upwardly extending arm 28 and a downwardly ex- 
tending arm 30. said arms 28 and 30 being integral with 
the axle 26 and fixed relative thereto. 

The upper arm 28 has its upper free end pivotally 
connected to the outer end of a movable arm 32. said 
pivotal connection being at 34. The inner end of arm 
32 is pivoted, at 36. to a support member 3S fixed in the 
usual well-known manner to the upper wall 22 of the 
outer horizontal end of the frame member 10. 

Downwardly extending arm 30 of the axle is pivotally 
connected, at 40, to the outer end of a movable arm 
42, the other, inner end of arm 42 is pivotally connected, 
at 44, to the upwardly and outwardly inclined part 14 
of frame part 10. 

A coil suspension spring 46 is operably disposed be- 
tween Ihe arm 42 and the top wall 22 of the horizontal 
part 16 of the frame member 10. One of the energy 
generating dcvic&s, indicated generally at 50, is operably 
disposed within the spring 46. 

Referring now to FIG. 2, the device 50 comprises a 
cs finder 52 closed at its upper end by an upper end wall 
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anti having an upwaidis extending axial host 54 with a 
tapped recess, not shown, extending from the upper end 
wall, said recess being closed at its lower or inner end. 
A connecting rod 56, having an externally threaded end 
screwed into said tapped recess, extends upwardlv from 
said boss and is provided with an enlarged bearing ele- 
ment 58 at its upper or outer fiee end, said bearing cle- 
ment 58 having a transverse bore 60 therein. It is to be 
understood that when terms or words indicating direc- 
tions are used, they are to be taken as indicating such 
directions relative to the views of the drawings. 

The low'er or opposite end of the cylinder 52 is closed 
by a lower end wall 62 having an axial bearing 64 for 
slidable reception of a piston rod 66. said bearing 64 
providing a sealing as well as a sliding support for the 
piston rod 66. 

Piston rod 66 has a piston 68 attached thereto adjacent 
the upper or inner end. an end portion 70 of said piston 
rod extending upwardly from the piston to serve as a 
bumper to limit telescoping movement of the cylinder 
and piston. The piston may be attached to the piston rod 
by any suitable well-known means and said piston has a 
plurality of exterior annular grooves 72 for reception of 
piston rings 74. The piston rings may be of any suitable 
character but are shown as being O-rings of any suitable 
material, such as rubber, plastic or the like, there being 
various types of these rings on the market. 

At its outer end the piston rod 66 is provided with an 
enlarged annular part or bearing element 76 having a 
transverse bore 78 therethrough. 

Each end of the cylinder 52 is provided with an inlet 
duct and an outlet duct 80 and 82 respectively. The 
ducts 80 and 82 are connected with the interior of the 
cylinder by means of passages or ports 84 and 86 re- 
spectively. Suitable check valves, including movable check 
valve members 88 and 90 respectively, control the fluid 
flow through the inlets and outlets. 

Check valve 84 is urged by spring 92 which are con- 
trolled by suitable check valves including movable check 
valve members 84 and 86 respectively. The check valve 
members are yieldingly urged in the closing direction 
by springs 88 and 90 respectively. Check valve 84 is 
urged by spring 88 against a seat at the inner end of a 
passage 94 through an insert 96 which is secured in 
the outer end portion of the inlet 80 by any suitable 
means, the insert being shown as being press fitted in 
said inlet although it may be threaded and screwed into 
a tapped end portion of said inlet. 

Check valve 90 is urged by spring 98 against a seat 
at the outer end of the passage 86 leading from the in- 
terior of the cylinder adjacent its lower end into the 
outlet 82. An insert 100 similar to insert 96 is secured 
in the outer end of the outlet 82 and has an outlet pas- 
sage 102 therethrough. 

Within the cylinder are sprincs 110 and 112. spring 
110 being disposed in the lower part of the cylinder and 
spring 112 being disposed in the upper part of the cylinder. 
Spring 110 reacts between the wall 62 at the lower end 
of the cylinder and the piston 68 while spring 112 reacts 
between the upper end wall of the cylinder and the piston. 

The device 50 may be operably mounted betw-een the 
lever 42 and the upper wall 22 of the transverse frame 
member part 16. As shown the bearing element 76 is 
disposed between the sides of a yoke 114 attached to 
the lever 42 and is pivotally connected with said sides by 
means of a pivot pin 116 or the like. The bearing element 
58 of the cylinder is similarly connected to the wall 22 
of the frame part 16. 

While only one of the devices 50 is shown in FIG. 3 
it is to be understood that each wheel may have such a 
device and each of said devices has its outlet connected 
to the air reservoir, indicated generally at 120. Each 
outlet of the device 50 is connected to a T fitting or fixture 
122 by conduits 124 and 126, there being a conduit 128 
connecting the T fitting with the reservoir 120. 
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When the vehicle is in forward or rearward motion 
the wheels move upwardly and downwardly with respec- 
tive variations in the road and cause the suspension mech- 
anism to be actuated to effect vertical telescoping and 
. extending movements of the cylinders and pistons of the 
'' respective devices 50 which results in pumping of air 
into the reservoir and build up air pressure therein. Air, 
of course, is drawn into the upper and lower ends of the 
cy linder as the piston moves downwardly relative to the 
j () cylinder and air is drawn into the lower part of the 
cylinder when the cylinder and piston move telescopically. 
With opposite movements of the piston relative to the 
cylinder air is forced or pumped into the reservoir. 

The reservoir may be connected with various mech- 
15 anisms operable by fluid pressure or pressure air. As 
shown in FIG. 3 the reservoir has an outlet connection 
134 with a valve 136 having a conduit 138 connected 
thereto leading to a device to be operated. The valve also 
has a connection 140 with a fitting 142 having one arm 
20 connected w : i;h a valve 144 which in turn is connected 
by a conduit 146 w ith a starter 148. 

The fitting 142 also has a connection 150 with a valve 
152 which in turn is connected by a conduit 154 with 
a pressure fluid operated turbine 1 55 which drives an 
25 apparatus 156 for producing or generating current. Such 
apparatus may be a generator or alternator or the like. 

Pressure air may be supplied to the various apparatus 
by proper operation of the valves 136, 144 and 152. 
Should it be desired to provide a charge to the batteries 
30 during operation of the vehicle, the alternator is operated 
by pressure air from the reservoir which is constantly 
supplied with pressure air by the devices 50 since there 
is constantly relative vertical movement between the 
parts of the suspension system for the vehicle wheels 
35 when the vehicle is in motion so that air is constantly 
being pumped into the reservoir by the devices 50. There- 
fore there can be a constant charging of the batteries by 
this auxiliary energy producing apparatus which will 
greatly extend the range of the vehicle before the bat- 
40 teries require full recharging. 

From the foregoing it will be apparent that the pres- 
ent invention utilizes vertical movement of parts of a 
vehicle having vertical movement relative to each other 
and the forces developed by such vertical movements 
45 has heretofore not been used or taken advantage of and 
so not use any power of the prime power source of the 
vehicle. 

Further, with proper spring arrangements of the de- 
vices themselves the springs can function to replace in 
50 part or entirely the conventional springs and the springs 
of the devices may also function to cushion or stabilize 
the suspension action, In other words, the springs of the 
devices may act as shock absorbers as well as energy 
producing means and spring suspension means. 

53 Also, the present invention gives feasibility to electric 
motor powced vehicles by extending the driving range 
through maintenance of the battery charge for much 
greater periods of time and operation of the vehicle. 

It also may be used to remove some of the battery and 
50. engine load of conventional vehicles in the operation of 
air conditioning compressors, et cetera. 

The invention and its attendant advantages will be 
understood from the foregoing description, and i: will 
be apparent that various changes may be made in the 
05 form, construction and arrangement of the parts of the 
invention without departing from the spirit or scope there- 
of or sacrificing its material advantages, the arrangement 
hereinbefore described being merely by way of example, 
and wc do not wish to be restricted to the specific form 
70 shown or uses mentioned except as defined in the accom- 
panying claim. 

We claim: 

1. An energy generator for mounting between actuat- 
ing parts adapted to have vertical movement relative to 
75 each other, comprising: 
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i A) pump mem- h..\ a o, cox' pern; ing pump 
r : >rt- dTccting pumping of finij upon icLti'.c rmne- 
mem of puny' pun : 

l B ) mean- for connccling tp . pump mu:- to ;e-p.’c!n.c 
actuming ports v.heiG'y. upon 'ci.ubc » c ; ; i ^ ; I ir, no- 
mcrt or said actuating p.,; the pump pari-- mu nctii- ^ 
utcd fo- pumping lin'd: 

1 C ) s.od pump means comprises a double acting pump 
h:i\mg a cylinder, each end of said lyiir.dei h..ving a 
check valve controlled inlet roit and ;t check \ui : 
controlled port, said cGirdcr being : m pe: U - me h.- ' U 
tween the ports at the end- thereof: 

(Di a pi-ton reciprocally oi-pc-ed in -aid, cylinder: 
ip) a pi-ton rod operabp, carrying w id pi- ion: 
tp) said acgti'aling p :a r r s in. the pumps rcim; e-traH ■ j- 
LOnnccted to p. , : t of a cb-eL h.e.e’g red, I..- so- , i - 
cal mo.etner.i-' 

t G i and yielding mean- in the c \ Under neiT.e. uerxeen 
the cylinder and piston tr opposite directions, said 
yielding means compri-ing spring- in the uppei a d 20 
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loucfOparts ic-pcc!;\el> of the c;. iinde-r and tea. ting 
a. gain-.; the p ; ton in oppo-ed and b.d, -cine icla ion- 
-hip and casing as part ol the suspension -y -deni of 


the \ehiele. at least the spring in the lower portion 
ot the e;, iinder seising to yieldingly suppet -aid 
schicle. 
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ABSTRACT: The power-producing means includes front and 
rear hull portions of a vessel coupled together by a transverse- 
ly disposed hinge member. A pair of plunger and cylinder as- 
semblies are vertically spaced from the hinge, each plunger 
being attached to one portion of the hull and each cylinder 
being attached to the other portion of the hull. The plungers 
are received within the cylinders as the hull portions rotate 
about the hinge member in response to the undulating motion 
of the water whereby to translate such energy motion into use- 
ful work. 
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POWtR-l’KOIII t INC MK XNS FOR \ KSStl.S 

BACKGROL \D OF FHF INVENTION 

Ibis invention refers general!) U> the production ot power 
Iron) ocean swell and wave motion ana. in particular to the 
conservation of energy resulting from wave action on a float- 
ing v essel 

The natural movement of rivers, seas and oceans have lone 
been regarded as a prime source of energv However, uhhouuh 
the available power is practical!) limitless, the difficultv ol 
tapping it has proved a deterent in the development of this 
form of power 

Various devices exist which derive power from wave mo- 
tion, such as occurs with tidal action, ocean swell and the like, 
but, in general, the devices in the known art are stationers in 
that thev are invariable moored to a bum or mounted on a 
permanent structure, such as a pier 

In the usual situation, a buoy ant hodv rises and falls w ith the 
wave action and adjusts a balance weight, thereby stonne 
potential energv Alternative!), the swinging motion of shore 
waves has been utilized by transmitting this motion directly to 
large blades sw ung from a pier or other structure 

Obviously, there are many advantages to be gained from 
utilizing the undulating motion of natural bodies of w ater As a 
fuel substitute, it is cost tree; it presents no pollution problem 
and the supply is unlimited 

SUMMARY OF THE INVENTION 

The power-producing means described herein mav be util- 
ized with a moving, water-borne vessel and is not limited to a 
moored assembly. 

Although normal ship construction is modified to the extent 
necessary to permit hinge and piston operation, the over-all 
profile is that of a conventional vessel. The cross section will 
likewise be substantially conventional and permit storage- 
capacity comparable to that offered by any vessel of like ton- 
nage. 

The power-producing means includes a pair of bodies in- 
cluding at least one floating body adapted to rise and fall in 
response to the swell of the ocean, the bodies being coupled 
together in pivotal relation. An arm is disposed in spaced rela- 
tion from the coupling means and extends between the bodies, 
the arm including opposed ends, one end being connected to 
one body to permit the arm to move in response to the relative 
movement of the body Translation means carried by the other 
body engages the other end of the arm and translates mov e- 
ment of the arm into pow er. 

A powered vessel including front and rear portions provides 
the body, and the coupling means includes a transverse hinge 
interconnecting the front and rear portions. 

The arm includes a plunger aligned with the length of the 
vessel, and the translation means includes a hydraulic cylinder 
cooperating with the plunger, the plunger being pivotally con- 
nected to said other body. The longitudinal axis of the plunger 
is oriented substantially perpendicularly to the axis of rotation 
of the hinge A hydraulic circuit receives fluid from the 
hydraulic cylinder, the circuit including a hydraulic motor, 
and an electric generator is coupled to the hydraulic motor to 
produce electric power assisting the operation of the powered 
vessel 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a side elevational view with the hull partially ex- 
posed to reveal the hinge and plunger mechanism, 

FIG. 2 is a plan view as taken on staggered line 2 — 2 ot FIG 

I. 

FIG. 3 is a cross sectional view as taken on line 3 — 3 of FIG 
I . and 

FIG 4 IS a diagrammatic representation of the hydraulic 
and electrical system 
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Relerring now b\ characters ot reference to the Jiawint: 
and tirst to FIG 1. it will be understood the pow er-proeluc mg 
c means is embodied m the hull 10 of a w ate r- borne v esse I such 
as a passenger ship err tanker 

The hull 10 is divided into fore and aft portions II and 12 
respective!) which are coupled together hv a transverse hinge 
member, general!' shown bv number 13 The hinge member 
!o 13 includes a pin 14 hav ing an axis of rotation disposed below 
the water line 15 The fore and aft portion* 1 1 and 12 o| the 
hull 10 constitute a pair of bodies, each of w hich may rise and 
tall relative to the other bv rotational movement about the axis 
of the hinge pm 14 

15 It will be understood that the tore portion 11 includes an 
end bulkhead 16 and that the a! t portion 12 includes an op- 
posing end bulkhead l 7 The hmee member 13 is mounted on 
each of the cu.n heads 16 and 17 m order to perform its 
coupling function 

- 11 Overlapping side plates 20 and 21 extend inward!) between 
the fore and aft portions 11 and 12 in order to provide a clo- 
sure between the two portions of the hull 10. These sliding 
plates 20 and 21 extend vertically substantially from the deck 
18 to the hinge member 13 and provide the vessel with an out- 
wardly conventional appearance Deck closure plates 22 and 
23 perform a similar function for the deck 18. and in addition 
permit traffic to move normal!) across the gap between the 
two portions of the hull 10. 

3 ,-, A pair of plunger and cylinder assemblies 24 are disposed in 
side-by-side relation, substantial symmetrically about the 
longitudinal axis of the hull 10 Each assembly 24 includes a 
plunger 25 extending longitudinally of the hull 10. and a 
cylinder 26. constituting a power translation means, into 
is which the piston head 27 of the plunger 25 is received 

Each plunger 25 is pivotally mounted to the fore portion 1 1 
by a transverse shaft 30. The shaft 30 is connected to the 
plunger 25 at the end of plunger 25 remote from the piston 
head 27 and the shaft 30 is attached to the fore portion 11 of 
4(1 the hull 10 Similarly, each cylinder 26 is pivotallv attached to 
the aft portion 12 of the hull 10 by a shaft 31. Obviously, the 
shafts 30 and 31 may extend across the w idth of the hull 10 or 
may be secured to interior longitudinal bulkheads 16 and 17. 

The plunger and cylinder assemblies 24 are preferably of 
45 the double-acting variety. In operation, motion is induced into 
the assemblies 24 by rotation of hull portions 11 and 12 about 
the hinge pin 14 Each assembly 24 supplies fluid to an as- 
sociated hydraulic motor 32 by way of hydraulic accumulators 
33. From the hydraulic motor 32. the fluid passes to a reser- 
5 voir 34 and thence is returned to the cylinders 26 

The hydraulic motor 32 is utilized to drive an electric 
generator 35 which is. in turn, utilized to power an electric 
motor 36. The generator also feeds a storage battery 37. The 
output drive shaft 40 of the electric motor 36 may be used to 
provide a prime mover for the various auxiliary systems in the 
ship, and the generator - battery combination may, in addition 
to supplying the electric motor 36, supply electricity for 
lighting and the like. Power from the motor 36 mav also be 
60 utilized to assist in propulsion of the vessel. The hydraulic and 
electrical systems may be mounted on the reservoir 34 for 
convenience of arrangement. 

FIG. 4 is a diagrammatic representation of the power- 
producing system and, of course, the various control valves 
65 41. 42. 43 and 44 perform the usual cut-off function of such 
valves and do not require specific description, their use being 
obvious. 

It is thought that the functional advantages of this power- 
producing means have become fully apparent from the forego- 
ne) mg description of parts, but for convenience of disclosure, the 
operation of the structure will be briefly described. 

There is no time when the ocean is completelv still and in 
general the motion of the water is considerable In the 
preferred embodiment wave action and ocean swell may 
75 operate effectively against both the fore portion 1 1 and the aft 
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portion 12 of the .hull 10. and the varied nature ot ouan au’ll 
over an extended distance. make> it inevitable that a di!- 
ferentia! force will exist, tend mu to rotate the portions 1 1 and 
12 about the hinge pin 14 relative to each other 

As one portion of the vessel moves relative to the other, it is 5 
clear that, because of their rotation about the hinge pin 14. the 
pivot points represented by shafts 30 and 31 likewise move 
relative to each other. Because of the plunger and cylinder as- 
sembly 24 connected between the shafts 31 and 30. the 
plunger is retracted into the cylinder as the gap between the 
hull 10 closes When this happens, hydraulic fluid is forced 
into the hydraulic circuit and drives the hydraulic motor 32 
The hydraulic accumulator 33 functions in the accustomed 
manner to insure that the drive is smooth. 

A typical vessel size will be considered to appreciate what ' •*' 
quantitative forces are involved. The figures referred tv' below 
are intended only to be approximate and exemplarv and are 
not to be considered in any way. limiting 

As an example of the forces involved, consider a vessel hav- 
ing a length of 300 feet Such a vessel will typically have a 
length to beam ratio of about ! to !0 which will provide a 
width of 30 feet. It will he supposed that the draft is say 15 
feet It will be further supposed that the wetted area of such a 
vessel w'ould be 1 5,000 square feet. 

The power required to drive such a ship is a function of the 
ship resistance, the velocity of the vessel and the efficiency . 

The ship resistance is a factor measured m pounds per square 
foot of wetted area and is equal to the sum of the frictional re- 
sistance and the wave resistance. For a vessel of the stated ^ 
dimensions, the ship resistance will be assumed to be six 
pounds per square foot of wetted area Further the velocity 
will be assumed as 20 knots (33.8 f.p.s. ) and the efficiency of 
the drive 60 percent. The horse power required to propel such 
a ship is: ■*«; 



A typical displacement of such a ship would be 5.U00 tons. 
Thus one of the two portions which make up the vessel herein 
discussed might be assumed as weighing 2,500 tom or 
5.000,000 pounds. It will be readily understood that the up- 
ward movement of 5,000,000 pounds at the rate of say one 50 
foot per second results in a substantial quantity of work done 
per second, sufficient even to contribute to the propulsion of 
the vessel. 

It is hoped that the above figures give some indication of the 
enormous forces available as the hull portions 11 and 12 rise 55 
and fall, in comparison with the drive power required. By tak- 
ing advantage of such forces, the natural movement of the sea 
is utilized in a power medium in much the same way as the 
wind was utilized in a power medium for sailing ships 

We claim: 60 

1 In an ocean-swell actuated, power-producing means 


a a power vessel including tronl and rear floating portions 
having lace to lace adjacent ends, said portions p- idjra 
a pair ot bodies adapted to rise and fall in respor--. : > the 
swell of the ocean. 

b. coupling means attaching the bodies together a. pivotal 
relation including a transverse hinge interconnecting the 
Iront and rear portions; 

c. an arm disposed in spaced relation from the coupling 
means, the arm including opposed ends, one of said ends 
being connected to one body, the arm moving in response 
to the relative movement of the bodies: 

d. translation means carried by the other body, the transla- 
tion means engaging the other end of the arm and trans- 
lating movement of the arm into power, the translation 
means and the arm extending between said fact to face 
adjacent ends of the bodies. 

e. the arm including a plunger, substantially loncn-Jmally 
aligned with the power vessel and having saic :ne end 
pivotally connected to said one body ; and 

f. the translation means including a hydraulic cylinder 
cooperating with the plunger, the cylinder being pivotally 
connected to said other body. 

2. A power-producing means as defined in cla;m 1. in 
which: 

g a hydraulic circuit receives fluid from the hydraulic 
cylinder; 

h. the hydraulic circuit includes a hydrauiic motor, end 

i an electric generator is coupled to the hydrauhe motor 
whereby to produce electric power, assisting prrpulsion 
of the powered vessel. 

3. In an ocean-swell actuated, power-producing me-r.s 

a. an elongate powered vessel including front and re-r float- 
ing portions having face to face adjacent ends; 

b. hinge means interconnecting the floating portions, the 
said portions rotating relative to each other in response to 
the swell of the ocean about a substantially horizontal 
hinge axis of rotation; 

c. at least two hydraulic plunger and cylinder assemblies 
disposed in side-by-side relation and extending between 
the face to face adjacent ends of the front and rear float- 
ing portions in spaced vertical relation to the axis of rota- 
tion of said hinge means; 

d. at least one transverse shaft mounted to the front portion; 

e. at least one transverse shaft mounted to the rear portion; 
and 

f. each hydraulic plunger and cylinder assembly including 
an associated plunger and cylinder, the plunger being 
pivotally attached to an associated transverse shaft 
mounted to one of said floating portions in radia; relation 
to the hinge and the cylinder being pivotally attached to 
an associated transverse shaft mounted to the other of 
said floating portions in radial relation to the axis of the 
hinge, the plunger including a piston head received into 
the cylinder as the front and r rear portions rotate relative 
to each other about the hinge means. 

4. A power-producing means as defined in claim 3. in 
which: 

g. each hydraulic plunger and cylinder assembly extending 
substantially longitudinally of the elongate vessel between 
said transverse shafts. 
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Springfield Men 
Invent Vehicle That 
Huns Only On Air 


By TED BLACKMAN 
SPRINGFIELD (UPI) — Fcr 
oars the dream of science fic- 
on writers has been the ve- 
cle that would run on some 
iieap, universally available 
lel. 

Something like air, for ex- 
mple. 

A ridiculous notion, of course 
xcept for two Springfield men, 
/ho have actually built and 
riven a van which uses noth- 
ng but air as its primary fuel. 
Ridiculous? Impossible? 
'hat’s the reaction John Luns- 
ord and Steve Hudspeth have 
seed. But they've managed te 
trove their case for the alr- 
Iriven engine well enough to 
jet two patents on the air-fuel 
trocesses they invented to drive 
t standard van. 

“The patent attorney called It 
m ‘air pulsing system,’ ” Luns- 
ord of 1061 B St., said. 
Hudspeth, described the basic 
process as a “compressed air 
amplifier.” 

The Engine 

Inside the van, a complex- 
looking maze of tubes and pipes 
connect three cylinders to a 
50-horsepower Cyclone engine. 
The engine has five cylinders 
and is called a “radial.” 

It’s the old-fashioned radial 
engine, the sort World War I 
biplanes sported with the cy- 
linders arranged around the 
crankshaft. 

A difference: The engine is 
hydraulic. Its platans are forced 
back and forth by air pressure 
instead of an exploding mixture 
of air and gas. 

This is where the compressed 
air and the three “amplifiers’' 
come in. 

It’s also where an Ingenious 
system the two designed to take 
advantage of the condition of 
many Springfield streets comes 
into play. 

First, compressed air from an 
ordinary tank Just like those 
available at welding supply 
shope passed through electric- 
ally timed valves Into the amp- 
lifiers. 

Forces Pistons 
The air rushes into the top of 
the amplifier cylinders, forcing 
pistons down. As this happens, 
air in the bottom of the cylind- 
ers is also compressed, thus 
adding to the volume of com 
pressed air available to powez 
the motor. 

Still more compressed air i 


provided from the motor itself: 
As air passes through the radi- 
al cylinders, it Is exhausted back 
to the amplifiers. In effect, the 
engine recycles Its own exhaust 
which is only the same fresh 
air that powered It In the first 
place. 

Even Springfield’s rough 
streets can help power the ve- 
hicle. Lunsford and Hudspeth 
designed a hydraulic pump sys- 
tem to replace the van’s shock 
absorbers. As the car bumps 
over rough spots in the road, 
Us lunging weight compresses 
still more air. 

That air is fed Into the amp- 
lifying system and on to the 
motor. 

Besides compressed air, the 
system needs only a standard 
car and ordinary V-« engine, 
Lunsford asserted. 

Speed Lacking 

isting system. “Weve got it 
geared down so much, it’ll only 
go 12-15 miles an hour,” Luns- 
ford said, "We didn’t want to 
take a chance on losing pow- 
er." 

The men haven’t done any 
mileage tests yet, either. "We 
have some air leaks in our sys- 
tem, so the tests really would 
not prove much,” Lunsford not- 
ed. 

They point out that their sys- 
tern could easily be more effi- 
cient than proposed electric 
cars with their tons of batter- 
ies required for even short 
trips. “And it’s much easier to 
switch tanks of air than to re- 
charge all those batteries,” 
Hudspeth chuckled. 

Now that both the air amp- 
lifiers and the hydraulic shock 
system have received patents, 
the two are working on ways 
either to get money to develop 
the compressed-air drive 
scheme themselves or, if forced 
to, to let someone else do the 
engineering and development so 
it can be mass produced. 

"I even took night classes at 
the university so I could learn 
something about how to sell it," 
said Hudspeth, who is an elec- 
trician for Rosboro Lumber Co. 

Lunsford Is a millwright for 
Cone Lumber Co., In Goshen. 
ABOVE for Weekend Edltons 
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[57] ABSTRACT 

A cylinder having a piston and piston rod assembly 
reciprocated by a wheel suspension member of the 
vehicle for the transfer of a fluid to a pressure storage 
tank. A fluid motor downstream from the tank is 
operated by a valve regulated flow of air for the con- 
trolled operation of various powered systems of the 
vehicle. An air flow circuit is completed back to the 
cylinder via a second tank constituting a source of low 
pressure air. The cylinder is simultaneously charged 
with a quantity of air on one side of the piston while 
air is exhausted, under pressure, on the opposite side 
of the piston. 

3 Claims, 2 Drawing Figures 
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VEHICULAR AIR COMPRESSION SYSTEM 
BACKGROUND OF THE INVENTION 

The present invention relates to a vehicular carried 
air compression system and more particularly to such a 
system utilizing vertical travel of the vehicles wheel 
suspension members as a source of power for air pres- 
surization. 

In the present field of invention automotive com- 
ponents operated by differential air pressure are, for 
the most part, of the vacuum type. They are dependent 
on a continuous source of vacuum or negative pressure 
for their operation, such a source commonly being the 
intake manifold of an internal combustion engine. In 
distinction, the present invention provides for a con- 
tinuous flow of pressurized air through an air motor the 
power of which may be utilized for various automotive 
purposes including powering the vehicle. 

SUMMARY OF THE INVENTION 

The present invention is embodied within an air com- 
pression system for installation on a vehicle wherein 
vertical wheel motion is utilized as a source of power. A 
piston responsive to wheel motion works within a 
cylinder carried by the vehicle frame or chassis. A 
wheel suspension member of the automobile in its 
movement toward and away from the frame while the 
vehicle is underway actuates the piston in a continuous 
manner to forcefully exhaust air from the cylinder to a 
pressure storage tank. The downstroke of the piston ex- 
hausting the air under pressure is in compliance with 
normal wheel suspension movement wherein the au- 
tomobile suspension member is moved downwardly by 
means of a spring or like component of the automobile. 

An important object of the present invention is the 
provision of an air cylinder having a piston in continu- 
ous motion in response to vertical motion of the au- 
tomobiles suspension member during travel. 

The air cylinder utilizes a sequential flow of air 
passing through a series of check valves which permits 
the cylinder to operate in the nature of an air pump. 
Normal travel of the vehicles suspension member and 
hence the “ride” of the vehicle is largely unaffected 
during upward movement of said member. Oppositely, 
downward movement of the suspension member to its 
normal position, as urged by a vehicle spring member, 
results in the air being exhausted from the lower end of 
the cylinder, which advantageously accomplishes dam- 
pening of wheel motion similar to that affected by a 
shock absorber unit. 

BRIEF DESCRIPTION OF THE DRAWING 

In the accompanying drawing, 

FIG. 1 is a side elevational view of a wheel air 
cylinder shown with associated vehicle components 
and with the remaining system components being 
shown in schematic form, and 

FIG. 2 is a schematic showing a modification of the 
present system. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

With continuing reference to the drawing wherein 
applied reference numerals indicate parts similarly 
identified in the following specification, the reference 
numeral 1 indicates generally an air cylinder of the 
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present invention disposed intermediate a vehicle 
frame member 2 and a wheel suspension member of the 
vehicle respectively. Both the frame member and the 
wheel suspension member are shown in fragmentary 
5 form and may be considered typical of conventional 
vehicle construction. 

The air cylinder comprises a cylinder 4 adapted at its 
upper end by means of a boss at 5 for reception of a pin 
9, the latter in bracketed attachment at 6 to the vehicle 
10 frame 2. The pin 9 extends through boss 5 for reception 
within the bracket 6. Indicated at 7 is a piston rod in- 
tegral with a piston 8 for permitting travel substantially 
the length of cylinder 4. The lower terminus of piston 
15 rod 7 is also provided with a boss 10 within which a pin 
1 1 is received for retention by a pair of plates 12 on the 
wheel suspension member 3. The bracketed at- 
tachment so provided for the upper and lower ends of 
the air cylinder 1 permits lateral displacement of same 
20 during closing movement between suspension member 
3 and the vehicle frame 2. 

The wheel suspension member 3 carries the lower 
end of a vehicle suspension spring 13 which terminates 
oppositely at its upper end in supporting engagement 
^ with the vehicle frame 2 in a conventional manner. The 
placement of an air cylinder 1 intermediate the frame 2 
and wheel suspension component 3 of a vehicle is not 
restricted to the manner shown and described, the 
jq present frame and suspension member disclosure is in- 
tended only as being typical of an air cylinder installa- 
tion. It will be recognized that additional such air cylin- 
ders located adjacent the remaining wheels of the vehi- 
cle may be associated with other types of suspension 
35 components, e.g., leaf springs or torsion bars and 
requiring but workmanlike modifications of the present 
invention. 

For operation of the air cylinder 1 a requirement ex- 
ists that under normal spacing of the vehicles frame 2 
40 and suspension component 3 the cylinders piston rod 7 
will be in an extended position to locate the piston 8 in 
spaced relationship from the upper end of cylinder 4. 
Obviously a sufficient travel for piston 8 must be pro- 
vided so as to permit normal flexing of spring member 
^ 13 during vertical wheel travel while the vehicle is un- 
derway. 

A cylinder inlet line or supply conduit at 15 provides 
a source of air to the upper end of the air cylinder via a 
jq ball check valve 16. A cylinder fitting 17 receives the 
incoming flow of air past the check 16 (in the direction 
indicated) and directs same into the interior of the 
cylinder upon downward movement of piston 8. An air 
transfer conduit 18 is in communication at its upper 
55 and lower ends with like ends of cylinder 4 permitting 
transfer of air therebetween. A second ball check valve 
at 20 restricts passage of air to the downward flow in- 
dicated for entry of the air into the lower end of the 
cylinder via a second cylinder fitting 21. An exhaust 
60 conduit line at 23 is also in communication with 
cylinder 4 via a check valve 22 and the fitting 21 to 
direct air exhausted from the rod side of piston 8 to a 
pressure storage tank at 24. Additional outflow lines 
from other (not shown) air cylinders are indicated at 
65 23. Such other air cylinders are similarly associated 
with each of the other three wheel suspension mem- 
bers. 
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Tank 24 for the storage of air pressurized by the air 
cylinders is fitted with a valve 25 for charging of the 
tank from an external source of pressurized air as for 
instance an automobile service station facility. If 
desired, tank 24 may be in the nature of an accumula- 
tor incorporating a movable diaphragm which is biased 
by mechanical or fluid means against the stored charge 
of pressurized air. 

A relief valve 26 downstream from the tank in a con- 
duit 27 limits the air pressure valve within the tank 
while a throttle valve 28 provides for control of the air 
flow through the conduit 27 and hence the volume of 
air delivered to an air driven motor at 29 for conversion 
of the air flow to useful mechanical force. Motor 29 
may be one of several types commercially available, 
such as for example a sliding vane type motor. 

in one form of the invention a low pressure tank 30 is 
charged by the exhaust flow from motor 28 at approxi- 
mately 10 PS1 (above atmospheric). A pressure regula- 
tor is indicated at 31. The tank 30 provides a source of 20 
air, under pressure, to the inlet line 15 to complete an 
air system circuit to the air cylinder 1. 

For purposes of converting the constant pressure 
flow from storage vessel 24 into a pulsating air flow in 
conduit 27, if such is desired, the addition of the struc- 25 
ture described and claimed in a copending patent appli- 
cation, filed by the present inventors and entitled Air 
Pulsing System may be made. 

In operation upon retraction of piston rod 7 as oc- 
curs upon the moving vehicle wheel encountering a 
bump the air above piston 8 is restricted by check valve 
16 to transfer via conduit 18 to the rod side of piston 8. 
With the cylinder area below the piston 8 enlarging as 
the piston rises, the air moving through conduit 18 will 
be drawn into said area in view of tank pressure in ex- 
haust line 23. At the limit of upward piston movement 
the suspension spring 13 will be compressed with sub- 
sequent extension of the vehicles spring 13 occurring to 
return the vehicle frame 2 and the vehicle suspension 
component 3 to their normal spaced relationship to 
simultaneously extend piston rod 7 moving piston 8 
downwardly to expel air from the rod side thereof. The 
foregoing cycle of operation applies regardless of the 
magnitude of travel of the frame 2 and wheel suspen- 
sion component 3. Air is accordingly displaced by each 45 
of the constantly moving air cylinders on a vehicle for 
transfer to tank 24. As the wheels of the vehicle are in 
constant vertical movement with respect to the vehicle 
frame an adequate volume of air is pumped to the tank 
23. 

The riding qualities of the vehicle may be retained by 
varying suspension components such as spring 13 with 
the present unit functioning to dampen spring move- 
ments. 

As shown in FIG. 2 a modified embodiment of the 
present invention dispenses with the low pressure tank 
30 and regulator 31 permitting the air motor 29 to ex- 


haust to the atmosphere. An inlet line at 15' draws at- 
mospheric air through an air filter unit at 34. The 
remaining components in the modified form of the in- 
vention are the same as earlier described and are 
identified with like prime reference numerals. 

While the invention has been described in connec- 
tion with a gaseous media such as air it will be apparent 
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that utilization of a liquid media is also feasible. 

While we have shown but two embodiments of the 
invention it will be apparent to those skilled in the art 
that the invention may be embodied still otherwise 
without departing from the spirit and scope of the in- 
vention 

Having thus described the invention what we desire 
to secure under a Letters Patent is: 

1. An air compression system for a vehicle deriving a 
compressive force from relative movement between 
the spring supported vehicle frame and a wheel suspen- 
sion member of the vehicle, said system including, 
at least one air cylinder having a piston and piston 
rod, said cylinder and piston rod oppositely at- 
tached to the vehicle frame and the wheel suspen- 
sion member whereby piston and cylinder travel 
will occur during relative frame and suspension 
member movement, 

a transfer conduit communicating the opposite ends 
of said cylinder, 

a supply conduit in communication with one end of 
the cylinder, 

an air pressure storage vessel, 

exhaust conduit means extending from the other end 
of said cylinder to said storage vessel, 
check valves associated with said supply, transfer 
and exhaust conduits to permit air flow from one 
end of the cylinder into the opposite end of the 
cylinder upon reciprocal piston movement during 
relative movement between said vehicle frame and 
the wheel suspension member to permit said air 
cylinder and piston to function in the manner of a 
pump to charge said storage vessel, 
an air motor operated by a flow of pressurized air 
from said storage vessel for powering one or more 
vehicle systems, and 

a second pressure storage vessel to receive the ex- 
haust flow from said air motor, said supply conduit 
terminating at one of its ends in communication 
with the last mentioned vessel to provide a flow of 
pressurized air to said cylinder. 

2. The air compression system as claimed in claim 1 
wherein the first mentioned pressure storage vessel is of 
the accumulator type. 

3. The air compression system as claimed in claim 1 
wherein the first mentioned pressure storage vessel is 
adapted with valve means to permit periodic charging 
of the vessel with pressurized air from an external 
source. 

* * * * * 
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ELECTRIC POWER MEANS FOR VEHICLES 
Walter L. Gill, 225 S. Buena Vista, Redlands, Calif. 92373 
Continuation-in-part of Ser. No. 360,959, May 16, 1973. This 
application June 27, 1973, Ser. No. 374,127 
Int. Cl. B60k 25110 ; B60I 11100 
U.S. Cl. 180-65 R tO Claims 



1. A vehicle provided with means for supporting said vehi- 
cle for movement over a supporting medium and adapted to 
carry an electric system and a battery for powering such sys- 
tem, said vehicle comprising two relatively reciprocatory 
parts, means supporting one said part from the other said part 
for enabling relative movement therebetween along at least 
two different non-colinear paths, means connected between 
such parts for converting such relative movement into rotary 
mechanical power, power reserve means receiving and storing 
said rotary mechanical power, and current generating means 
for recharging said battery and driven by said power reserve 
means. 

November 25, 1975 


3,921,746 

AUXILIARY POWER SYSTEM FOR AUTOMOTIVE 
VEHICLE 

Alexander J. Lewus, 9844 N. 1 1th Ave., Phoenix, Aril. 85021 
Continuation-in-part of Ser. No. 3 1 3,242, Dec. 28, 1972, 
abandoned. This application Mar. 21, 1974, Ser. No. 453,293 
Int. CL* B60K 25110 

U.S. Cl. 180—53 R 10 Claims 



1. An auxiliary power and suspension system for an automo- 
tive vehicle or the like, comprising a vehicle frame, a body 
mounted on the frame, auxiliary equipment for the vehicle 
and a plurality of supporting wheels for the vehicle, said auxil- 
iary power and suspension system comprising: 

suspension means for mounting the wheels on the vehicle 
frame, said suspension means allowing limited vertical 
movement of the wheels relative to the frame in response 
to irregularities and changes in contour of terrain tra- 
versed by the wheels; 

power transmission means, connected to at least two wheels 
and to the vehicle frame, for actuation in response to 
relative vertical movement therebetween; 
and power conversion means, connected and actuated by 
said power transmission means, for converting mechani- 
cal kinetic energy applied to said power conversion 
means through said power transmission means into an- 
other energy form more readily useable in operation of 
said auxiliary equipment; 


said power conversion means comprising hydraulic pump 
means comprising a plurality of double-acting cylinders, 
a reciprocal piston dividing each into two chambers, and 
inlet-outlet ports in said chambers; 
a transmission line communicating with said chambers 
through said inlet-outlet ports, valve means in the trans- 
mission line to regulate the flotv of hydraulic fluid; 
and hydraulic motor means communicating directly 
through said transmission line and valve means with said 
chambers and actuated by the hydraulic pressure therein; 
said motor means, transmission line, valve means and at 
least one chamber of each double-acting cylinder com- 
prising a generally fluid tight hydraulic circuit substan- 
tially completely Tilted with fluid and operable indepen- 
dent of any system reservoir; and 
said auxiliary power and suspension system supporting the 
entire weight of the vehicle which acts on said wheels. 
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4,295,538 

AUXILIARY POWER SYSTEM FOR AUTOMOTIVE 
VEHICLE 

Alexander J. Lewus, 9844 N. 11th Ave., Phoenix, Ariz. 85021 
Continuation of Ser. No. 926,373, Jul. 20, 1978, abandoned, 
which is a continuation of Ser. No. 812,528, Jul. 5, 1977, 
abandoned, which is a continuation of Ser. No. 633,825, Nov. 20, 
1975, abandoned, which is a continuation-in-part of Ser. No. 
453,293, Mar. 21, 1974, Pat. No. 3,921,746. This application Sep. 
17, 1979, Ser. No. 76,081 

The portion of the term of this patent subsequent to Nov. 25, 
1992, has been disclaimed. 

Int. Cl. 1 * 3 B60K 25/10 

U.S. Q. 180—165 5 Claims 



1. A suspension and auxiliary power system for a vehicle 
having a frame, a power consuming load on said frame, and at 
least one supporting wheel adapted to move vertically relative 
to said frame, said system comprising: a fluid pump including a 
housing adapted to be connected to one of said frame and said 
wheel and a reciprocal piston adapted to be connected to the 
other of said frame and said wheel, said housing and piston 
forming at least one fluid pumping chamber whose volume is 
expanded and contracted by vertical movement between said 
frame and said wheel; a uni-directional fluid motor; said motor 
adapted to drive said power consuming load; and fluid circuit 
means connecting said chamber to said motor said circuit 
means including a first check valve for directing fluid only 
from said chamber directly to said motor and a second check 
valve for directing fluid only from a source of fluid to said 
chamber, whereby said pump acts as a fluid suspension system, 
supporting at least a part of the weight of said vehicle on said 
one wheel, and whereby the loading on said motor of said 
power consuming load causes said motor to act as a shock 
absorber to said pump. 
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3y SHERMAN GOLDENBERG 
Staff Writer 

SaLAMONIA — Robert T. Manor has 
-nted something so logical, so obvi- 
!t': almost embarassing. 

.ic-ve it or not, this Jay County mon- 
■' leiier and backyard inventor has 
he last eieven years perfecting 
. , tenting an automobile that runs on 
oat's right. On air. It’s just as sim- 
— or as complicated — as that. 

Th" reason 1 started on it was pollu- 
n," donor said Friday, standing in his 
.rage. “The energy crisis wasn’t even 
e.rd of when I started. At that time, 
e late 1960s, I went up to Syracuse, 
Y , to see my sister. And though the 
^uie there didn't seem to notice the 
h.Tmn, I certainly did. My eyes water- 
: My nose burned. I thought it was 
- ful." 

to Manor, who never graduated from 
Ch school, went to work on an idea he 


d nurtured since the 1940s when he 
ked with air compressors on a sand- 
.-tmg job: Use a small electric motor 
till compressed air tanks. Patent an 
;:.ie with pistons that will respond to a 
?ct blast of air, much like a steam en- 
-e's. Then devise a collector system to 
Cure the spent air and return it to the 
rage tanks to complete the cycle. 

-,nd — voila — you have the potential 
power cheaply and cleanly whole 
~ts of buses and millions of gas-guz- 
g automobiles. 

‘ he had had all the money in the 
rid, Manor said, he would have car- 
d a scale model and performed more 
.penments beforehand. His prototype 
old have look more polished, and 
probably would have incorporated a tu- 
bular steel, frame instead of an old 
Volkswagen body. But, he says, the 
funds were limited His version cost 
about $30,000, not counting years of 
labor. 


Therefore, this 54-year-old inventor 
sounds almost apologetic when he shows 
you his amazing car, a genuine contrap- 
tion that looks and sounds like an inspi- 
ration of .cartoonist Rube Goldberg. 
“This is just the basic idea," said 
Manor, pointing out flaws. “I didn't de- 
sign it for speed or endurance. 1 just de- 
signed it to power a car. That was all of 
it. ’ 

But while ‘the car may be crude by 
General Motors standards, said Manor, 
it is undoubtedly the only machine like it 
in existence. 

Two 105-gallon air tanks are mounted 
on the roof and filled to a pressure of 
about L20 pounds, close to that of a truck 
tire. Pressure is infused with an eiectnc 
motor powered by current from a wail 
socket. By pushing a lever between the 
front seats, the driver sends air into the 
converted four-cycle, gasoline engine 
and sets the auto in motion. As it moves 
along with a rhythm, the used air is 



Robert T. Manor, a Jay County monumem 
dealer and backyard inventor, has scent ffie 
iast 1 1 years tinkering away at an air- fueled 
automobile. His brainchild has come :o a car- 


ented fruiriun, and Manor is lookinc for ’"-ore 
tiai backers. - Staff photo by Shermc 
Goiaenbarg 
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piped in to three smaller exhaust tanks 
welded to the front and back. 

Manor has a total of 17 patents on his 
engine and unique compressors. These 
double-action, spring-like compressors, 
stationed where the shock absorbers 
would normally be, are designed to re- 
turn a small amount of compressed air 
to the storage tanks every time the 
wheels bounce across the pavement. 
About 10 per cent of the total air volume 
is lost to friction in each cycle. And, 
eventually, the storage tanks must be re- 
energized with the electric motor. 

But this is just the prototype, warns 
Manor, adding that the next model will 
utilize a combustion engine that auto- 
matically re-energizes the storage tanks 
when the pressure drops. He expects the 
new air-powered vehicle, an old Ford 
van, to go 60 miles per hour with the 
range improved from two to 1,000 miles. 
The repumping process, he maintains, 
will require about a gallon of gas tor 
every 85 miles on the road. 

Manor says he would eventually Mketo 
see his idea perfected by engineer With 
a solid financial backing. He han con- 
tacted several major corporations, along 
with President Carter, without any posi- 
tive response as yet. Manor, however, 
said he won’t put his family’s livelihood 
on the line trying to sell his ideas. He 
said he’s heard of too many inventors 
who made “fools of themselves" that 
way. 

Having come this far without a federal 
grant, Manor’s prepared to go it alone or 
with a small team of private investors. 
After all, he explained, money was never 
his main objective. 

“Money is not my main interest in it,” 
he said. “It seems to me we've done a 
pretty bad job in the last 20 years as far 
as making a future for our children and 
grandchildren. And with atomic energy 
... we may end up with no future genera- 
tion at all. So, I thought, why not make a 
vehicle that doesn’t pollute? You’re cer- 
tainly not going to destroy the world with 
it ’’ 
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1. For use on a vehicle, a suspension type compressor eon, 
prising a cylinder device having a reciproeable piston which 
defines two pressure chambers therewith, a piston rod secured 
lo said piston and extending axially therefrom, means l»*f 
securing said cylinder device and piston between the frame 
md axle of a wheeled vehicle; said cylinder device including 
wo separate heads arranged one above the othci. mean' 
uounting said heads for limited relative movement, mean' 
icldably urging said heads toward each other, and intake and 
xhaust valve means in each head responsive to reciprocation 
f said piston in said cylinder device for drawing gaseous fluid 
ito and forcing such fluid out of said chambers. 


Although I support the spirit of air oar inventors everywhere, 
snf the .1 1 en of a Ir~ pumping shock absorbers is th ernodynam ically 
sound, tl:e idea of putting bunps on tires to make sure the 
shock absorbers are alrsb pump inn, air is Incorrect becau.se it 
rear’ fcfiO more energy to ro over the little bunps than could 
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bumps must be outside th e car — on the road — to keen from 
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[57] ABSTRACT 

For use in an air operated, reciprocating engine, a 
valve mechanism for controlling mode of engine oper- 
ation as either a prime mover or compressor as well as 
direction of operation. The valve mechanism includes 
a spool valve rotatably mounted inside a sleeve valve, 
both having a plurality of passages alternatively regis- 
terable for determining mode of operation. The sleeve 
valve is rotatably mounted in a head block having reg- 
isterable passages communicating with the pistons. 

' 7 Claims, 19 Drawing Figures 
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[57] ABSTRACT 

This invention relates to an air powered vehicle in- 
cluding a chassis and wheels to which is connected an 
airpowered, reciprocating piston engine having intake 
and exhaust systems. A suspension type compressor is 
operatively connected between a wheel and the chas- 
sis whereby vertical movement of the wheel due to un- 
evenness of the road or bumps provided on the wheel 
causes the compressor to operate and provide com- 
pressed air. This compressor is provided with inlet and 
exhaust ports connected, respectively, to a reservoir, 
whereby operation of the compressor pumps air to the 
reservoir for operation of the engine. 

8. Claims, 19 Drawing Figures 
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FIG. 4 is a diagrammatic illustration of the fluid pres- 
AIR POWERED VEHICLE sure system used in the vehicle of FIG. 1; 

FIG. 5 is a diagrammatic view taken from the rear of 
This is a divisional of application Serial Number the vehicle of FIG. 1 showing the reciprocating piston 


341.318, filed March 14, 1973. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

This invention relates generally to vehicles and more 
particularly to a vehicle that operates from gaseous 
fluid such as air under pressure. More specifically, 
means arc provided for generating air pressure from 
vertical motions of the vehicle. 

SUMMARY OF THE INVENTION 

In accordance with the broader aspects of this inven- 
tion there is provided an air powered vehicle having a 
chassis and wheels. An air powered engine having in- 
take and exhaust systems is mounted on the chassis and 
has a driving connection with the wheels. A first reser- 
voir of gaseous fluid under pressure is connected to the 
intake system for operating the engine. Means are pro- 
vided for regulating the flow of the fluid to the intake 
system for controlling the operation of the engine. 

A second reservoir is connected to the exhaust sys- 
tem for receiving spent air, conduit means being con- 
nected between the second reservoir and the intake 
system. This conduit means is provided with a check 
valve which limits the flow of air in only the direction 
from said second reservoir to said intake system. 

A suspension-type compressor is operatively con- 
nected between a wheel and the chassis, whereby rela- 
tive vertical motion between the wheel and the chassis 
will cause operation of the compressor. This compres- 
sor is provided with inlet and exhaust ports connected, 
respectively, to said second and first reservoirs, 
whereby operation of the compressor pumps air from 
the second reservoir to the first reservoir. 

Means are provided for disconnecting the flow of 
fluid from the first reservoir to the intake system and 
connecting the exhaust system to the first reservoir 
whereby the engine may serve as a compressor for 
delivering air under pressure to the first reservoir. 

It is an object of this invention to provide an air pow- 
ered vehicle in which pressure air is uniquely generated 
from the vertical movements of the vehicle. 

Still another object of this invention is to provide a 
suspension type compressor capable of generating air 
under pressure due to the relative vertical motion of 
the vehicle suspension system. 

The above-mentioned and other features and objects 
of this invention and the manner of attaining them will 
become more apparent and the invention itself will be 
best understood by reference to the following descrip- 
tion of an embodiment of the invention taken in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side elevation of a typical vehicle of this 
invention with certain of the mechanism being shown 
in phantom; 

FIG. 2 is a front elevation thereof partially broken 
away for clarity of illustration; 

FIG. 3 is a partial side view of the fan compressor 
mechanism mounted in the front end of the vehicle of 
FIG. 1; 


5 engine in perspective and rotated 90° from its normal 
position; 

FIG. 6 is a fragmentary front view of the vehicle of 
FIG. 1 showing the position of one of the air tanks; 

FIG. 7 is a diagrammatic perspective view of the 
10 compressor system mounted in the front end of the 
vehicle; 

FIG. 8 is a perspective of the electrical power cord 
housing and retriever; 

FIG. 9 is a fragmentary rear view of the vehicle with 
15 the body removed; 

FIG. 10 is a longitudinal sectional view of the suspen- 
sion type compressor; 

FIGS. 11A and 11B are cross-sections of different 
parts of the engine valve mechanism in position for 
20 forward operation; 

FIGS. 12A and 12B are similar cross-sections but 
with the parts shown in position for reverse operation 
of the engine; 

FIGS. 13A and 13B are top and side views, respec- 
25 tively, of the valve mechanism; 

FIG. 13C is a side view of the spool valve used in the 
mechanism of the preceding figure; 

FIG. 13D is a side view of the sleeve valve used in the 
valve mechanism; and 

30 FIG. 14 is an end view of the mechanism of FIGS. 
13A and 13B showing the directional control lever. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

35 Referring to the drawings and more particularly to 
FIG. 1, a vehicle which includes a conventional body, 
chassis, wheels, suspension system, steering and the 
like has mounted in the rear end thereof an air pow- 
ered, reciprocating-piston engine generally indicated 
40 by the numeral 16. The engine 16 has its crank shaft 
(not shown) directly connected to the drive axle 18 
(FIG. 9) which in turn is connected to the wheels 20 via 
two slip clutches 22 which permits one wheel 20 to 
rotate relative to the other wheel during turning motion 
45 of the vehicle. 

The engine 16 is conventional in the respect that it 
corresponds to the usual reciprocating-piston gasoline 
engine having four cylinders in two banks of two cylin- 
ders each in a V configuration as shown more clearly in 
50 FIG. 5. Conventional are the piston and cylinder as- 
semblies, the piston rods, the crank shaft, the block and 
the like. However, the valve mechanism for controlling 
the intake and exhaust cycles is different as is the cam 
mechanism for operating the same. Such valve mecha- 
55 nism is shown in more detail in FIGS. 11 through 14. 

In general one valve mechanism 24 is provided for 
each of the two cylinder banks 26 and 28 (FIG. 5). 
Since both valve mechanisms 24 are constructed the 
same, a description of one will suffice for both. 

60 Referring to FIGS. 1 1 through 14, the valve mecha- 
nisms 24 each include a body 26 in the form of a rect- 
angular steel block adapted to be securely bolted in 
fluid-tight relation to the heads 28 of the engine cylin- 
ders and have securely bolted thereto also in fluid-tight 
65 relation a housing 30 formed of a block of steel having 
a cavity or plenum 32 therein. 

The block 26 for number one cylinder, otherwise 
indicated by numeral 70, is provided with a cylindrical 
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cavity 34 and communicating intake passages 36, 38, 
cylinder passages 40, 42 diametrically opposed exhaust 
passages 44, 46. 

That portion of the valve mechanism 24 for number 
two cylinder 72, is identically arranged with compo- 
nents thereof indicated by the same numerals with the 
suffix “a” added. 

Close fitting in fluid-tight relation in the cylindrical 
cavity 34 but rotatable therein is a cylindrical .sleeve 
valve or sleeve 48 having a series of rectangular ports 
indicated by the letters a, b, c, and d for cylinder 70 as 
shown in FIG. 1 1 A and a2, bl, c2, d2, e2 and J2 for 
cylinder 72 as shown in FIG. 1 IB. The particle angular 
relationships between these ports are shown in FIGS. 

1 1 A and 1 IB and will be explained further later. These 
ports are rectangular to coincide in size and shape with 
the ports 36 through 46. As viewed in FIGS. 13A 
through 13D and 14, the block 26 has a rectangular 
notch SO formed in one end thereof which communi- 
cates with the cavity 34, this notch receiving a lever 52 
secured to the end of the sleeve valve 48 in notches 
provided therefor. A suitable plate 54 (FIG. 13B) is 
bolted to the left-hand end of the block 26 so as to 
retain the sleeve valve 48 against leftward movement. 
The right-hand end of the sleeve 48 is flush with the 
right end of the block 26. 

A cylindrical spool valve 56 is rotatably received 
within the sleeve valve 48 with a close tolerance, fluid- 
tight fit. As shown more clearly in FIGS. 13A and 13B, 
a plate 58 is bolted to the right-hand end of the block 
26 and is provided with a semi-circular cutout having a 
semi-circular tongue (not shown) which slidably fits 
into an annular, coaxial groove 60 in the protruding 
shaft 62 of the spool valve 56. The plate 58 thereby 
retains the spool valve 56 against end-wise movement 
and furthermore retains the sleeve valve 48 from right- 
ward movement. 

The spool 56 and the sleeve valves 48 are operated 
between two different angular or rotated positions, the 
sleeve 48 (see FIG. 14) being swingable from a first 
position represented by the dashed-line position of the 
lever 52 (FIGS. 12A, 12B) to a second position repre- 
sented by the solid line lever 52 a. The spool 56 has a 
first angular position as shown in FIG. 11A and a sec- . 
ond angular position as shown in FIG. 12A. For moving 
the spool valve 56 to these two positions is provided a 
rocker arm 63 secured to the shaft extension 62 (see 
FIGS. 13A and 13B). 

The spool valve 56 has two sets of transverse pas- : 
sages therein, the sets being axially spaced apart to 
register with the cylinders 70 and 72 of one of the 
V-engine banks, such as with ports 36, 38 of one set 
and 36a, 38 a of the other set. Thus, a description of one 
set will suffice for both. Referring first to FIG. 11 A, the ; 
spool valve 56 has a rectangular diametral passage 64 
which communicates with the rectangular ports a and b 
in the sleeve valve 48 and the passages 36 and 42 in the 
block 26. Two other passages 66 and 68 on opposite 
sides of the passages 64 have right angle bends therein ( 
as shown and are positioned to communicate with the 
various ports in the sleeve 48 as shown. In FIG. 11A, 
neither of the passages 66 and 68 communicate with 
any sleeve 48 ports. However, in FIG. 11B, passage 66 
is shown communicating with the ports b2 and c2 as < 
well as passages 40a and 44a, respectively. It may now 
be stated that FIG. 11A shows the position of the valve 
mechanism for forward engine operation with cylinder 
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number one (70) on the intake stroke and FIG. 11B 
with cylinder number two (72) on the exhaust stroke. 

By moving the spool 56 clockwise to its second posi- 
tion as shown in FIGS. :12A and 12B, with lever 52 
5 remaining in the solidline position of FIGS. 11A, 11B, 
in FIG. 11A for cylinder number one passage 68 regis- 
ters with ports b and c so as to provide an exhaust for 
cylinder 70, for continuing forward operation of the 
engine. In FIG. 1 1 B cylinder number two ( 72 ) is shown 
10 as having ports a.2 and b2 connected by passages 64 
with none of the other spool passages connecting with 
any ports. 

It may now be stated that air under pressure is admit- 
ted to the plenum 32 from which it may flow through 
1 5 the passages 36, 38, 36a and 38 a through the respective 
spool 56 passages to the cylinders 70 and 72 as deter- 
mined by the position of both the sleeve 48 and the 
spool 56. 

Further explanation of operation and port arrange- 
20 ment will now be given for forward operation of the 
engine as determined by the position of the lever 52 as 
shown in FIGS. 11, 1 IB. Referring again to FIGS. 11A 
and 11B, cylinder 70 of FIG. 11A is on the intake 
stroke, air pressure from the plenum 32 passing 
25 through passage 36, port a, passage 64, port b and 
passage 42 into the cylinder 70. Simultaneously there- 
with, cylinder 72 of FIG. 11B is exhausting with the 
piston being on the up stroke, exhaust air passing out of 
the passage 40a, port b2, passage 66, port c2, and ex- 
30 haust passage 44a. 

With the spool 56 next swung to its rightward posi- 
tion as shown in FIGS. 12A and 12B, but with the lever 
52 in the position of FIGS. 11A, 1 IB, cylinder 72 (FIG. 

1 IB) intakes through passage 38a, port a2, passage 64, 
port b2 and. passage 40a with the piston in cylinder 72 
thereby being on its down stroke, while cylinder 70 is 
exhausting with the piston on the upstroke through 
passage 42, port b, passage 68, port c and exhaust pas- 
sage 46. Thus, by the spool valve 56 oscillating between 
the two angular positions, cylinders one (70) and two 
(72) are operated alternately on the intake and exhaust 
strokes. 

For reverse operation of the engine, reference is 
made to FIGS. I2A and 12B. The lever 52 is moved 
from the dashed line position to the full line position 
52a thereby swinging the sleeve valve 48 to the position 
shown. In this position, the cycle of operation as be- 
tween cylinders 70 and 72 reverses such that cylinder 
number one (70) now intakes through passage 38, port 
a, passage 64, port b, and passage 40 into cylinder 72. 
Simultaneously therewith, cylinder number two (72) is 
exhausting from cylinder 70 through passage 42a, port 
J2, passage 68a, port d2 and out of exhaust port 46a. 
With the spool valve moved to its opposite position as 
shown in FIGS. 11A and 11B, cylinder 70 (FIG. 12A) 
will exhaust through passage 40, port b, passage 66, and 
port d and out of exhaust passage 44. Simultaneously 
therewith, cylinder 72, (FIG. 12B) which is also cylin- 
der number two, is intaking through passage 36a, port 
<?2, passage 64a, port/2, passage 32a, into cylinder 70. 

Thus, the position of the sleeve valve 48 as deter- 
mined by operation of the lever 52 determines whether 
the engine will operate either forwardly or reversely. 
The rapid rocking motion of the spool valve 56 be- 
tween the two illustrated positions determines the in- 
take and exhaust strokes of the cylinders. 

Referring more particularly to FIGS. 4 and 5, the 
engine thereshown is of “V-4” configuration having 
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two banks 27 and 29, with two cylinders 70 and 72 
being in each bank. Thus, cylinders one (70) and two 
(72) may be considered to be in the left bank as viewed 
in FIG. 5 while cylinders three (70) and four (72) will 
be in the right bank. 

The rocker arms 63 on the two valve spools 56 are 
spring biased by means of suitable tension springs 74 
(FIG. 5) such that clockwise force is exerted on the 
left-hand spool 56 and counterclockwise force on the 
right-hand spool 56. Operatively connected to each of 
the rocker arms 63 are two push rods 76 and 78 which 
ride on a rotatable cam 80 secured to the engine crank 
shaft 82. As the cam 80 rotates, both of the rocker arms 
63 will be swung between two extreme positions as 
shown in FIGS. 11 and 12, thereby placing the spool 
valve 56 in position for the intake and exhaust strokes, 
respectively. 

The cam 82 is so shaped and the ports and passages 
in the valve mechanism 24 so positioned that the piston 
movement in one bank 27 is 90° out of phase with the 
piston movement in the other 29. The pistons in one 
bank 27, 29 are 180° out of phase with each other 
thereby providing for concurrent exhaust and intake 
stroking. The cam 80 is so shaped, and the valve mech- 
anisms 24 with the ports and passages therein so posi- 
tioned that the engine cylinders will “fire” according to 
a sequence of one, three, two, four. Thus, with piston 
movement, crank shaft rotation as a result thereof, and 
cam 80 rotation, the spool valves 56 are oscillated 
between their intake and exhaust positions for admit- 
ting pressure air and providing for exhaust in proper, 
timed sequence. 

Referring now to FIGS. 1, 9 and 10. description of 
the suspension type compressors 84 will be given. Four 
such compressors 84 are used, one for each of the four 
vehicle wheels, such that a description of one compres- 
sor 84 will suffice for all. A rectangular, rigid frame 
includes two upright, horizontally spaced rods 86 hav- 
ing two cross bars 88 and 90 secured to the opposite 
ends thereof as shown. Secured to the upper cross bar 
88 is a tie rod 92 secured rigidly at the end 94 (FIG. 1) 
to a part of the vehicle frame. Slidably mounted on the 
rods 86 are two heads 96 and 98 in vertically spaced 
relation which conform generally to rectangular blocks 
which are preferably formed of steel. Each of the heads 
96 and 98 are provided with bores 100 which closely 
slidably receive the respective rods 86 whereby the 
heads 96 and 98 may move vertically on the rods. 
Spader blocks 102 on the rods 86 between the heads 
96, 98 provide minimum spacing therebetween. 

Both heads 96, 98 have formed therein an elongated 
cylindrical groove 104 adapted slidingly to receive a 
tubular member 106 having O-ring seals 108 for pro- 
viding a sliding, sealing engagement with the outer 
cylindrical walls of the grooves 104. Within each head 
96, 98 are provided two valve assemblies, one of these 
being for intake and the other exhaust. In the head 96 
the intake valve is indicated by the numeral 108 in the 
form of a one-way check valve mounted in a passage 
110 in the head. Another valve 112 for exhaust, also 
being a one-way Check valve, is mounted in the passage 
114. In the head 98 are two similar valves 116 and 118 
in the two passages 120 and 122, respectively. 

A piston is reciprocally positioned in the cylinder 106 
and has a coaxially extending piston rod 126 secured 
thereto which is slidably sealingly received by a close 
fitting coaxial bore in the head 98. The piston rod 126 
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is adapted to be operatively secured at its distal end 
(see FIG. 9) to the vehicle axle 16. 

A compression spring 128 is interposed between the 
cross 90 and head 98 as is another compression spring 
5 130 between the cross bar 88 and the head 96. These 
two springs 128, 130 yieldably urge the heads 96, 98 
toward each other into abutting engagement with the 
respective ends of the tubular cylinder 106. Movement 
of the heads 96, 98 on the rods 86 is, as explained 
10 previously, limited by the stops 102. 

Connected to the passages 110, 120 is a flexible con- 
duit 132, another flexible conduit 134 being connected 
to the other two passages 1 14 and 122. 

For the suspension compressor 84, the conduit 132 
15 constitutes the air intake and the conduit 134 the ex- 
haust. Since the rod 92 is secured to the vehicle chassis, 
for purposes of explaining the operation of the com- 
pressor, the rod 92 may be regarded as stationary with 
respect to the movable piston rod 126 which is secured 
2() to the vehicle axle which obviously moves vertically as 
the wheels 20 move over uneven terrain. 

Thus, as the piston rod 126 moves vertically from its 
illustrated position (FIG. 10), any air trapped in cham- 
ber 125 will be exhausted past check valve 112 out of 
25 conduit 134, the check valve 108 remaining closed 
since it will open only for air flow in the opposite direc- 
tion. Simultaneously therewith, check valve 116 will be 
unseated thereby to admit air through conduit 132 into 
the chamber 127. On the down stroke of piston 124, air 
30 trapped in chamber 127 is forced through check valve 
118, valve 116 remaining closed, and out of the exhaust 
conduit 134. Simultaneously, air is drawn through 
valve 108 into chamber 125, check valve 112 remain- 
ing closed. Thus, as the piston rod 126 reciprocates, air 
35 will be pumped from the intake conduit 132 outwardly 
through the exhaust conduit 134. 

If the vehicle wheel 20 should encounter a sizable 
bump which causes corresponding upward movement 
of the piston rod 126, the piston 124 will engage the 
40 underside of the head 96 causing it to move upwardly 
slightly against the force of spring 130. Conversely, 
should the piston 124 move downwardly sufficiently to 
engage the head 98, the latter will move downwardly 
against the force of its spring 128. Any such movement 
45 of the heads 96 and 98 will correspondingly provide an 
increase in the size of the respective chamber 125, 127 
whereby on that stroke a larger volume of air will be 
taken in and exhausted via the conduits 132, 134, re- 
spectively. 

50 As seen in FIG. 9, the cross bar 90 is secured to a 
suitably, rigid pad 136 through which the piston rod 
126 projects, a helical compression spring, which 
serves as the spring suspension for the vehicle, bearing 
thereagainst and against another pad 140 which is se- 
55 cured to the axle 18 as shown. Thus, the load of the 
vehicle rests primarily on the springs 138 which permit 
relative movement between the axle 18 and the vehicle 
chassis such that the piston 124 in the compressor 84 
may reciprocate vertically. 

60 Now referring to FIGS. 1 through 3, 7 and 8, com- 
pressor system mounted in the front end of the vehicle 
will be described. This system includes a compressor 
type fan, generally indicated by the numeral 142, the 
fan in this instance being of the squirrel cage type, and 
65 a conventional reciprocating piston compressor indi- 
cated by the numeral 144. The fan 142 is generally 
cylindrical, having the usual circumferentially arranged 
blades, and is journalled in bearings 146 to rotate about 
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its axis arranged parallel to the axles of the vehicle. As 
shown in FIG. 1, the fan 142 is exposed forwardly to air 
flow through the front of the vehicle via an open grill 
148 such that during forward motion, air flow causes 
rotation of the fan 142. As shown diagrammatically in 
FIG. 4, the fan 142 is provided with the usual hood 150 
having an outlet 152 through which air pumped by the 
fan 142 may escape from the chamber between the 
hood 150 and fan 142. 

The compressor 144 is fixedly mounted on a station- 
ary part of the vehicle, and is driven by a belt 154 
connected to the fan 142. Thus, as the fan 142 rotates, 
the compressor 144 will be operated to produce com- 
pressed air. Also mounted on the vehicle chassis is an 
alternating current motor 156 drivingly connected to 
the compressor 144 by means of a belt 158. A conven- 
tional alternator 160 mounted on the chassis is also 
drivingly connected to both the motor 156 and com- 
pressor 144 by means of the belt 158. 

A starter motor 162 mounted on the vehicle chassis 
and operative from a conventional vehicle storage bat- 
tery is drivingly connected to the fan 142 and compres- 
sor 144 by means of a belt 164. Thus, the compressor 
144 may be driven by any one or more of three differ- 
ent power sources, the fan 142 and the two motors 156 
and 162. For operating the motor 162, the conven- 
tional electrical circuit to a storage battery 164 is uti- 
lized. 

Referring now more particularly to FIGS. 1, 3, 5 and 
6, additional components used in the fluid power oper- 
ating system will be described. Mounted rigidly to the 
underneath side of the vehicle chassis are two main, 
reservoirs or storage tanks (FIG. 9) connected in paral- 
lel by suitable piping. In the front end of the vehicle is 
mounted a storage tank 168 and in the rear another 
storage tank 170. All of the storage tanks, of course, 
are fixedly secured in place in the vehicle. 

The various parts and mechanisms thus far described 
are connected together in a fluid system shown dia- 
grammatically in FIG. 4. The reservoir or main storage 
tank 166 is of such strength as to contain air at rela- 
tively high pressure, such as 100 to 150 pounds per 
square inch. Outlet piping connected to this tank in- 
cludes a section 172, and two branches 174 and 176, 
these latter branches being connected to the plenum 
housing 30 of the two valve mechanisms 24 (FIGS. 1 1 
and 12). A main control valve 178 in the section .172 
may close or open in degrees the latter as may be de- 
sired. Two other control valves 180 and 182 connected 
in series with the two branches 174 and 176, respec- 
tively, are manually controllable to determine the flow 
of pressure fluid through the branches. Thus, with 
valves 178, 180 and 182 fully opened, air at the pres- 
sure in the tank 166 is communicated to the plenums 
32 for the engine cylinders. 

The exhaust passages of the valve mechanisms 24 as 
shown in FIGS. 11 and 12 are connected together by a 
pipe 184 having a manually controlled regulating valve 
186 in a series therewith. Another section of pipe 188 
connects between the exhaust passages of the valve 
mechanisms 24 and also back to the pipe section 172 
via a branch 190. In this branch 190 is a shut-off valve 
192 and a one-way check valve 194 which permits flow 
only in the direction upward, or in other words, toward 
the tank 166. The valve 192 is vented to atmosphere 
such that air in the system may be vented. 

Another pipe 196 is connected to the exhaust system 
of the two valve mechanisms 24 and to the storage 
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tanks 168, 170 as shown. Another pipe 198 is con- 
nected to tanks 168, 170 back to the intake side of the 
two valve mechanisms in parallel with the branches 
174, 176. One-way check valve 200 are provided in the 
5 lines 198 as shown to permit flow in only the direction 
from the tanks 168, 170 to the plenums 32 of the valve 
mechanisms. 

Also connected to the supply tanks 168, 170 is the 
conduit 132 which leads to the suspension compressor 
10 84. Suffice.it to say at this point all four of the suspen- 
sion compressors 84 are connected in parallel such that 
there would be four lines 132 connected to the supply 
tanks 168, 170. The exhaust conduit 134 of the com- 
pressor 84 is connected by means of a line 202 back to 
15 the main storage tank 166, a one-way check valve 204 
therein permitting flow only in this direction, and a 
manually controlled shut-off valve 206 being operable 
to close off the line 206 and furthermore vent the pres- 
sure in the system to atmosphere if desired. 

20 . The outlet 152 from the fan compressor 142 is con- 
nected by means of a pipe 208 to the supply tanks 168, 
170 while the exhaust side of the compressor 144 is 
connected by means of the line 210 to line 202, with 
the input thereto being connected by a line 212 to the 
25 tanks 168, 170. 

A manually controlled valve 214 is connected in the 
line 196 leading from the exhaust side of the engine 16, 
and this valve is connected by suitable mechanical 
linkages to the other valves 180, 182 and 186 for oper- 
3() ating the engine 16. Such engine control is shown in 
one form in FIG. 1 as including an accelerator pedal 
216 connected by means of a control line, such as a 
Bowden cable, to the valves 174, 176, 186 and 214 
such that all these valves may be operated in the same 
35 manner simultaneously. A Bowden cable is well known, 
consisting of a stiff wire reciprocably contained in a 
tubular supporting sheath; such cable being conven- 
tional in operating carburetor chokes and the like of 
internal combustion engines. To start the engine 16, 
40 the valve 178 is first opened following which the pedal 
216 (FIG. 1) is operated to open the valves 180, 182, 
186 and 214. Air under pressure is admitted to the 
plenums 32 in the valve mechanisms 24, to cause oper- 
ation of the engine as already explained. Spent exhaust 
45 fluid passes to the tanks 168, 170 via the line 196 where 
it is stored until it is pumped therefrom back to the 
main storage tank. 

For braking the vehicle, assuming that the vehicle is 
in forward motion, the pedal 216 is operated reversely 
50 to close the valves 180, 182, 186 and 214 in which 
event the engine 16 becomes a compressor, withdraw- 
ing air from the supply tanks 168, 170 via the lines 198 
and pumping it back to the storage tank 166 via the line 
188, branch 190, and through the check valve 194. 
55 Thus, during coasting or down-hill movement of the 
vehicle, the engine 16 may be used as a compressor for 
producing compressed air which is returned to the 
storage tank 166. 

For reversing the movement of the vehicle, a control 
60 220 in the cab is operated, this control being connected 
by means of a Bowden line 222 to the levers 52 (FIGS. 
1, 11 and 12), moving these levers 52 to their reverse 
positions. As explained previously in connection with 
the valve mechanisms of FIGS. 11 and 12, pressure air 
65 in the plenums 32 will cause reverse operation of the 
engine 16. 

During motion of the vehicle over uneven terrain, the 
wheels 20 will move vertically in the usual manner 
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causing corresponding movement of the pistons 124 
(FIG. 10) in the suspension compressors 84. This re- 
sults in withdrawing air from supply tanks 168, 170, 
compressing and exhausting it through conduit 134 and 
line 202 back to the main storage tank 166. For facili- 5 
tating this pumping action, circumferentially spaced 
bumps 224 are applied to the peripheries of the wheels 
20 whereby reciprocatory movement of the pistons 124 
is assured. 

The compressors 142 and 144 are operated primarily 10 
from the air flow induced by forward motion of the 
vehicle. This motion rotates the fan 142 which in turn 
operates the compressor 144. The fan 142 with its 
shroud or hood 150 produces some air flow back to the 
tanks 168, 170 via the line 207. The compressor 144 15 
operates to provide compressed air to the line 202 and 
back to the storage tank 166. 

When the compressed air in the system becomes 
depleted, operation of the motor 156 drives the com- 
pressor 144 for refilling the storage tank 166. If alter- 2 <1 
nating current power is not available, the D.C. motor 
162 which operates from the vehicle battery 164 is 
energized for driving the compressor 144. Simulta- 
neously therewith, the fan 142 is operated, this assisting 
to a small extent the supplying of air to the system while 2 5 
the vehicle is stationary. 

During operation of the vehicle, the alternator 160 is 
driven, and this is operatively connected to the storage 
battery 164 for maintaining the charge thereon. 

When not in operation, for example at night in the 30 
garage, the motor 156 may be connected to an electri- 
cal outlet for the purpose of recharging the storage 
tank 166. Necessary conventional automatic devices 
may be employed for cutting off the electrical motor 
156 when the tank 166 has become suitably filled. 35 
The vehicle is operated solely, in the preferred em- 
bodiment, by the use of compressed air initially stored 
in the tank 166. The vehicle may be operated to move 
forwardly, rearwardly, and furthermore the engine may 
be used as a compressor during coasting, braking or 40 
down hill motion of the vehicle, thereby restoring spent 
pressure to the storage tank 166. Vertical motion of the 
wheels is utilized for the purpose of operating the sus- 
pension pumps 84, further replenishing the used energy 
taken from the storage tank 166. Also during vehicle 45 
movement in coasting, braking or down hill, the fan 
142 is operated when a sufficient velocity has been 
reached, for pumping air back into the system. 

Inasmuch as the vehicle operates on compressed air, 
it is obvious that in contrast with the internal combus- 50 
tion engine, there will be less pollution of the atmo- 
sphere, it will not be necessary to use inflammable 
liquid, and the air which is used as fuel is ever present 
in the atmosphere. The engine itself uses a minimum of 
moving parts, is simpler in construction than its internal 55 
combustion counterpart and is more economical to 
produce and operate. Also, the engine will operate with 
less noise than is true of the gasoline engine. 

While there have been described above the principles 
of this invention in connection with specific apparatus, 60 
it is to be clearly understood that this description is 
made only by way of example and not as a limitation to 
the scope of the invention. 

What is claimed is: 

1. For use on a vehicle, a suspension type compressor 65 
comprising a cylinder device having a reciprocable 
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piston which defines two pressure chambers therewith, 
a piston rod secured to said piston and extending axi- 
ally therefrom, means for securing said cylinder device 
and piston between the frame and axle of a wheeled 
vehicle; said cylinder device including two separate 
heads arranged one above the other, means mounting 
said heads for limited relative movement, means yielda- 
bly urging said heads toward each other, and intake and 
exhaust valve means in each head responsive to recip- 
rocation of said piston in said cylinder device for draw- 
ing gaseous fluid into and forcing such fluid out of said 
chambers. 

2. The compressor of claim 1 in which said cylinder 
device includes a tubular element slidably sealingly 
fitted into companion grooves in the facing portions of 
said heads, each said head having two check valves 
therein communicating with respective ones of said 
chambers, one of each of said two valves being an 
intake valve and the other an exhaust valve, and intake 
and exhaust conduits connected, respectively, to said 
intake and exhaust valves. 

3. The compressor of claim 2 in which said head- 
mounting means includes a rigid frame having two 
laterally spaced upright rods received by companion 
guide bores in opposite lateral portions of said heads, 
said frame having two cross bars secured to opposite 
ends of said rods, said yieldable means including two 
helical compression springs, respectively, interposed 
between said cross bars and the adjacent heads, said 
piston rod slidably passing through one head, a respec- 
tive spring and one cross bar, said heads having facing 
surfaces which define opposite ends of said chambers, 
respectively, said piston being disposed between said 
facing surfaces thereby to move the heads against the 
respective spring, and stops on said rods, respectively, 
between said heads and engageable therewith upon 
predetermined relative movement of said rods and 
heads. 

4. The compressor of claim 3 in which said heads are 
spaced apart and said stops being disposed in the space 
therebetween. 

5. The compressor of claim 4 including two flexible 
conduits, each conduit having two branches, the .two 
branches of one conduit communicating, respectively, 
with the intake valves in said heads and the two 
branches of the other conduit communicating, respec- 
tively, with the exhaust valves in said heads. 

6. The compressor of claim 5 in which said intake 
and exhaust valve means in each head includes two 
passages communicating at common ends thereof with 
said chambers, respectively, the opposite common ends 
of said passages communicating with said branches, 
respectively, and check valves in said passages, respec- 
tively. 

7. The compressor of claim 6 in which said passages 
in each head are spaced apart and elongated in parallel- 
ism with said tubular element, said conduits being flexi- 
ble to accommodate relative motion of said heads. 

8. The compressor of claim 7 including an axle con- 
nected to one of said piston and frame, a wheel on said 
axle, and said wheel having one or more raised portions 
on the periphery thereof whereby said piston is recipro- 
cated relative to said tubular element as said wheel rolls 
over a level surface. 

***** 
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Inventor Claud Mead demonstrates compressed air. Vehicle makes a muf- 
how his miniature auto is powered by fled sputtering sound in motion. 


COMPRESSOR FILLS TANK 

Car Runs On 'Air Power 


Another picture - Page A- 5 

By CLIFF SMITH 
Science Writer 
The San Diego Union 

The skeptical listener 
wants to turn his head and 
snicker when Claud F Mead 
or one of his partners begins 
to describe the workings of 
their “air power” automo- 
bile. 

A look at the vehicle com- 
pounds disbelief and adds to 
amusement. Outwardly it 
appears to be an ill-con- 
ceived cross between a go- 
cart and a Formula I rarer 

The lumpy, fiberglass 
body is an atrocity of archi- 
tectural design. One is 
seized by an impulse to look 
for pedals. The mechanics 
are reminiscent of a Rube 
Goldberg cartoon. 

LIKE TOY BALLOON 

"I got the idea, actually, 
watching a toy balloon,” 
Mead explains. “You know 
how they will fly through the 
air in circles when the air is 
rushing out.” 

Then, just as politeness 
fails and you are about to 


guffaw. Mead jumps into his 
flivver and drives away 

The only thing propelling 
Mead briskly down Mt. Etna 
Drive was compressed air 
metered out of a diver's 
scuba bottle. A hose carried 
the air from the tank to a 
converted impact wrench, 
essentially a turbine engine 
The torque imparted by the 
wrench was transferred to 
one rear wheel by a 
motorcylde drive chain. 

Near the air tank was a 
simple air compressor 
Mead showed how a gear 
can be engaged with another 
on the rear axle to turn the 
compressor and partially re- 
plenish the tank whenever 
the car is running downhill. 

MOTOR STARTER 

Connected to the other 
rear wheel was an electric 
motor powered by a single 
auto battery. This is used to 
set the prototype car into 
motion from a dead stop. 

“In the year that we have 
been developing the car, it 
has been driven about 200 
miles.” Mead said. “I'm 


sure it will go at least 50 
miles an hour. Of course you 
wouldn't want to drive this 
particular vehicle that fast. 
Hut, there is plenty of 
power ” 

Fred Y Karasawa, one of 
Mead's partners and the 
owner of an oriental imports 
store on Balboa Avenue, ex- 
plained how a full-size, pro- 
duction air car would have 
an air storage tank about 
three times larger than the 
scuba bottle in the proto- 
tvpe 

WEEK’S SUPPLY 

"We calculate that the air 
supply would last about one 
w**ek in typical around-town 
driving,” Karasawa said. 
"On a long trip, the tank 
would have to be recharged 
after every 600 to SOU miles. 

“I langhed, too, when 
Claud first told me about his 
idea. Now, I'm convinced 
that it will work.” 

Mead, an advertising de- 
signer, said a patent search 
revealed nothing quite like 
his design. Patents now are 
pending on the unique design 
features. 


Mead said a production 
car would have a differential 
or automatic transmission 
and torque would be deliv- 
ered to the wheels by a 
shaft, rather than chains. 
The electric motor would be 
retained but used only as an 
auxiliary power unit for em- 
ergencies when the air tank 
was exhausted. 
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The Air Machine 

TRUNK ACCESSORIES — Ray Starbard shows off his well air tank. He's pointing to one of the all important shock ab- 
used trunk, filled with air compressors, batteries and a large sorbers (see related story for details). 


While putting his car together over 
the years, Starbard ran into certain 
problem:-, as all inventors do, many of 
which are minute, but nevertheless 
bothersome. However, one obstacle he 
ran into that totally threw him was the 
fact that the Department of Motor 
Vehicles made him get a smog device 
for his car 

■'Imagine that, a smog device for an 
air car. That was absurd," says 
Starbard. who admittedly had 
problems finding a mechanic who 
would give him approval. "Most of 
them hadn’t the slightest idea about the 
system and didn't know how to react. ” 

The car is licensed and registered. 

One might expect a ‘wooshing' sound 
from an air-powered car, but instead 
Starbard s car gives off a slightly high 
pitched sound, which when unmuffled 
sounds like a jet taking off. With the 
mufflers, however, his Impala is the 
quietest thing on the street, next to a 
bicycle that is. 

Starbard’s system has drawn great 
interest across the county — “through 
the grapevine" — and he claims to 


receive thousands of dollabs each week 
from people “Who want to invest. But 
I’m not selling stock.” 

The system has received great in- 
terest from car manufacturers also, 
one of the reasons Starbard is so 
cautious in displaying the car and one 
of the reasons he feels threatened much 
of the time. 

As for offers, be claims to have over 
2D and a price tag running “high into 
the millions." bufhe's waiting until the 
I’.S. patent is finalized before he sells. 

Starbard feels he has invented the 
power system o-f the future, a system 
that will greatly change the automotive 
face of the world, and amazingly as it 
sounds he plans to use his earnings to 
greatly change the face of the world in 
another way. And all because of Mother 
Nature's purest gift — Air. 
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AIR ENGINE — Ray Starbard’s air-powered engine In Its runs out of ‘air.’ (Reporter Photos by Trey Weir), 
‘simplest’. form. The car aaea no gas, oil or water and rarely 



AIR-POWERED DASH — The dashboard of Ray Starbard’s gauges) and a new odometer to keep account of actual ‘air- 
airpowered car is covered with altimeters ( air-pressure traveled’ miles. 


'It's the Car of the Future 


• • • 
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[57] ABSTRACT 

A shock absorber drive unit for motor vehicles which 
translates the vertical reciprocating motion of the 
under carriage of a motor vehicle to one-way rotary 
motion through a rack and drive gears connected 
through one-way clutches to a gear train. Alternators 
driven by belts from the gear train provide sufficient 
drag to produce a shock absorbing action for the unit 
while simultaneously producing electricity for charg- 
ing batteries or other uses. 

1 Claim, 5 Drawing Figures 
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SHOCK ABSORBER DKi\ K l NIT 

BACKGROl ND OE ! H! IW EM ION 

Eicld ol the Invention 

The present invention relates to shock absorbers 
which produce useful power in a motor vehicle. 

SUMMARY OE I HE IN\ E\ I ION 

In the shock absorber unit of the instant invention a 
bar having rack teeth on opposite sides thereof is pro- 
vided for vertical reciprocation in a motor vehicle and 
attached to the running gear so as to he v ertic.iilv recip- 
rocated thereby during the operation of the motor 
vehicle (ienrs are meshed with rack teeth on opposite 
sides of the rack bar so as to be routed as the rack bar 
reciprocates The gears are connected through oppo- 
sitely arranged one-way clutches so as to alternatelv 
drive a single gear in one direction onlv . The single gear 
is connected through a gear train and belts to alterna- 
tors which provide sufficient drag on the system to 
produce a shock absorbing effect for the unit while 
simultaneously producing electricitv for charging bat- 
teries or other uses. 

The primary object of the invention is to provide 
power producing shock absorbers for a motor vehicle. 

Other oh|ects and advantages will heeme apparent in 
the following specification when considered in light of 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan view of the invention; 

FIG. 2 is a side elevation of the invention shown 
partially broken away for convenience of illustration; 

FIG. 3 is a fragmentary horizontal sectional view 
taken along the line 3 — 3 of FIG. 2. looking in the 
direction of the arrows; 

FIG. 4 is a fragmentary vertical sectional view taken 
along the line 4 — 4 of FIG. 3, looking in the direction of 
the arrows; and 

FIG. 5 is a fragmentary transverse vertical sectional 
view taken along the line 5 — 5 of FIG 4, looking in the 
direction of the arrows. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now to the drawings in detail, wherein like 
reference characters indicate like parts throughout the 
several figures, the reference numeral 10 indicates 
generally a shock absorber unit for motor vehicles 
constructed in accordance with the invention. 

The shock absorber unit 10 includes a channel 
shaped base member 1 1 which is adapted to be secured 
to the frame of a motor vehicle in any desired manner 
A generally rectangular housing 12 is secured to the 
base member 11 and extends upwardly therefrom. A 
shaft 13 is journalled in the front wall 14 of the housing 
12 at one end and in the rear wall 15 at its opposite end. 
A shaft 16 is arranged parallel to the shaft 13 and is 
similarly journalled in the front wall 14 and rear wall 
15. A shaft 17 is journalled in the front wall 14 and in 
a block 18 secured to the bottom wall 19 of the housing 
12. The housing 12 has a top wall 20 secured by studs 
21 to the side walls 22. 23 of the housing 12. A rectan- 
gular opening 24 extends through the top wall 21 adja- 
cent the rear wall 15 and a rectangular opening 25 
extends through the bottom wall 19 and the channel 1 1 
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aJi.iiCi'.t tile rear wall 15 in aligned relation to the 
opening 24. 

A generally rectangular rack bar 26 having rack teeth 
27 on one side thereof and lack teeth 28 on the oppo- 
2 site side thereof, is mounted for vertical reciprocation 
through the openings 24. 25 as can be clearly seen in 
FIGS 3 and 4. An upright slot 29 is formed in the 
forward face of the rack bar 26 and engages over a 
tongue 30 on the block 18 in the housing 12. 

111 A gear 31 is keyed for the shaft 13 and meshes with 
the rack teeth 27 on the bar 26. A second gear 32 is 
keyed to the shaft 16 and meshes with the rack teeth 28 
of the bar 26. A gear 33 is journalled on the shaft 13 
and is secured to one-way clutch element 34 also jour- 
! - s nailed on the shaft 13. A second oneway clutch ele- 
ment 35 is keyed to the shaft 13 and is held in engage- 
ment with the one-way clutch element 34 by means of 
a coil spring 36 encompassing the shaft 13 and extend- 
ing between the gear 31 and the one-way clutch ele- 
2' ' ment 35. 

A gear 37 is journalled on the shaft 16 and is rigidly 
secured to a one-way clutch element 38 also journalled 
on the shaft 16. A one-way clutch element 39 is keyed 
tvi the shaft 16 and is held in engagement with the 
2- s one-way clutch element 38 by means of a coil spring 40 
encompassing the shaft 16 and extending between the 
gear 32 and the one-way clutch element 39. The one- 
way dutch elements 35. 39 are mounted for endwise 
sliding movement on the shafts 13, 16 respectively. 

30 A gear 41 is secured to the shaft 17 intermediate the 
gears 33, 37 and meshing with the gears 33. 37 to be 
driven thereby. A shaft 42 is rigidly mounted to the 
base member 11 and a second shaft 43 is also rigidly 
mounted to the base 1 1 in parallel relation to the shafts 
— 42 and 17. A relatively large spur gear 44 is fixed to the 
shaft 17 and meshes with a relatively small spur gear 45 
journalled on the shaft 42 and rigidly secured to a rela- 
tively large spur gear 46. A relatively small spur gear 47 
is journalled on the shaft 43 and meshes with the spur 
40 gear 46. A double V-pulley 48 is fixed to the spur gear 
47 to revolve therewith. 

An alternator 49 is mounted on the base member 11 
and is driven by a belt 50 extending from the double 
V-pulley 48. A second alternator 51 is mounted on the 

4 - base member 1 1 and is driven by a V-belt 52 extending 
from the double V-pulley 48. 

In the use and operation of the invention the unit 10 
is secured to the frame of a motor vehicle in any de- 
sired manner with the lower end of the rack bar 26 
5(1 connected to vertically moveable portions of the run- 
ning gear in the manner of connecting conventional 
shock absorbers. As the motor vehicle moves over the 
earths surface the running gear vertically reciprocates 
and thus causes the rack bar to reciprocate with respect 

5 - to the housing 12. As the rack bar reciprocates the rack 
teeth 27 rotate the spur gear 21 and the rack teeth 28 
rotate the spur gear 32. As the rack bar moves down- 
wardly with respect to the housing 12. the gear 31 as 
seen in FIG 4 rotates in a clockwise direction to thus 

Ml rotate the one-way clutch element 35 in a clockwise 
direction driving the one-way clutch element 34 and 
the gear 33 in a clockwise direction so as to turn the 
shaft 17 in a counter clockwise direction. As the rack 
bar 26 reverses its direction and moves upwardly w ith 
respect to the housing 1 2. The one-way clutch elements 
34, 35 slip by each other so that no drive occurs to the 
gear 33. 1 he gear 32 is then rotated in a clockwise 
direction and through the one-way clutch elements 38, 
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39 rotates the gear 37 in a clockwise direction to thus 
rotate the shaft 17 in a counter clockwise direction 
The one-w ay elements 3N, 39 slip by each other when 
the gear 32 is rotated in a counter clockwise direction 
during downward movement of the rack bar 26 with 
respect to the housing 12. 

The shaft 17 is thus rotated solely in a counter clock- 
wise direction by alternate driving connections to op- 
posite sides of the rack bar 26. The gears 44. 45, 46 and 
47 provide a relatively high speed drive for the alterna- 
tors 49, 51. The driving of the alternators 49, 51 pro- 
duces a drag on the movement of the rack bar 26 suffi- 
cient so that the rack bar 26 has a shock absorbing 
effect on movements of the running gear of the motor 
vehicle on which the unit 10 is mounted. 

Having thus described the preferred embodiment of 
the invention it should be understood that numerous 
structural modifications and adaptations may be re- 
sorted to without departing from the spirit of the inven- 
tion. 

What is claimed is: 

1. A shock absorber power system for motor vehicles 
of the type supported on four wheels and including a 
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frame comprising a plurality of unit-' scoured to the 
frame adjacent each wheel of the motor vehicle with 
each of said units including a housing, a rack bar 
mounted for vertical sliding movement vcilicully 
' through said housing, said rack bar having rack teeth 
formed on diametrically opposed sides thereof means 
in said housing guiding said rack bar in its vertical 
reciprocation, a pair of parallel shafts journalled in said 
housing on opposite sides of said rack bar. a gejr se- 
cured to each .of said shafts and meshing w ith the rack 
teeth on opposite sides of said rack bar. a one-way 
clutch mounted on each of said shafts, a spur gear 
mounted for rotation on each of said shalts rotatably 
driven by one of said one-way clutches, a third shaft 
journalled in said housing and extending outwardly 
therefrom, a spur gear secured to said third shaft and 
meshing with the gears on'said parallel shafts, a base 
supporting said housing, a gear train mounted on said 
last named shaft and said base, a pair of electric alter- 
nators secured to said base, and means extending from 
said gear train for rotating said alternators to produce 
electricity 

***** 


Mr. Starbard is deceased. Cur correspondent who met 
him says the car was very complicated, involving too many con- 
versions of energy. Jtarbard admitted that, he could only met 
the car up to mph on a level road. It’s rumored that some- 
one used tne Starbard name and reputation in air car design 
to ron the public, tnoumh it wasn't Star bard himself. 

Prototypes are usually built to prove an idea rather 
than to display the maximum achievable results from that idea. 
If it's true that this car had to be recharged quite seldom, 
as Starbard claimed in the newspaper article, then his claims 
should be looked at, and the speed the car is able to go should 
bear less weight in .judging the invention on its own merits. 
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Neutralizing Wind Resistance 
^ 

overcome wind resistance, some suggest installing 
aerodynamic air channels to direct the wind into turbines which 
run compressors or generators. This design will not consider gen- 
erators, since conversion from air to electricity and back to air 
is unnecessarily wasteful and complicated. The experience of 
watching and listening to windmills operate suggests that they 
are too noisy and vibrate too much to be used on cars to recover 
the 10 to 20 horsepower used to plough air at 60 mph. A ten horse- 
power wind turbine isn’t something you can befit on top of a car; 
it would rattle the car to pieces. Windmills are made to turn 
themselves away from the wind during 60 mph winds, to avoid self- 
destruction. 

The first step in eliminating wind resistance is to build 
a car body with the best possible aerodynamically efficient shape. 
The second step is unique in that the wind turbine idea criticised 
above can survive in spirit using a means of recovering losses due 
to wind resistance, with no moving parts. 



Chart for determining horsepower 
required to overcome wind resistance 
at various speeds, based on a cross- 
sectional area of 12 square feet; 
if the car had a frontal area of 6 
square feet, horsepower requirement 
would be half what the chart shows; 
chart taken from The Motor Car, by 
Duncan Me Millan, 1915, {Longmans, 
Green & Co., London 


The air that the car pushes into slows the car down because 
the car is a wall that blocks the air’s flow. The air that the car 
leaves behind slows the car down because the Just-removed presence 
of the car had displaced air which is still partially absent. Thus 
the air pressure just behind the car is less than that of the atmos- 
phere in general so it sucks the car backwards. Since the car being 
a wall blocking air flow is the problem, is tha~e a way to remove 
the wall without removing the car? 

Most of the air parted and pushed up over the car can be 
directed into air tunnels at the back of the car’s roof which direct 
the air through nozzles into the space behind the car. The advan- 
tage of this relocation of pushed-aside air is twofold. First, the 
energy added to the air when the car pushes it aside becomes re- 
usable as kinetic energy because of the shape of the nozzles that 
direct it to the suction space behind the car. The jet engine or 
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impulse engine uses the same principle as its motive power. Unlike 
the heat engine, which converts potential energy in the form of 
heat and pressure directly into work in the engine, the jet engine 
converts the energy in its fuel medium’s motion, its kinetic energy, 
into an equal and opposite reaction that impels the vehicle forward. 
Therefore jets can power vehicles in space, in a vacuum. So the 
jet impulse effect seems like a fitting regeneration process to 
situate in a partial vacuum like the one right behind the car. The 
second reason that proper placement of the sir nozzles can help 
neutralize wind resistance is that the air displaced when the car 
wedges into it can be strategically put right back where it came 
from instead of waiting for it to turbulently find its way there. 

The wind nozzles should eliminate much of the suction cavity behind 
the car. 



How Things V/ork 
by Michael Pollard 
Larousse & Co, NY ’7$ 


One more air drag that can be eliminated is th e suction 
intake on the compressor of the air car. Part of the wind relative 
to the car's motion can be directed into a tunnel feeding the com- 
pressor's intake valve so the compressor has no work to do in 
sucking its air in. The quantity of air needed to keep up with 
the compressor's intake needs is many times less than what's easily 
available. The amount of air pushed aside by the car is abundant 
to the point of redundancy; most of the wind will be sent to re- 
plenish the suction cavity behind the car, instead of into the 
compressor. A diverging nozzle, or pipe with an increasing dia- 
meter, will be placed at the tip of the car. Like the intake nozzle 
on the ramjet engine, it will take in a small part of the oncoming 
air and convert a small part of its kinetic energy into potential 
energy, or pressure. This captured energy will eliminate suction 
drag into the compressor. 

Because the jet nozzles at the back and the ram compressor 
at the front have no moving parts, they can be considered quite 
efficient. Their effectiveness will be increased to the maximum 
limit by taking into the redirection tunnels the maximum possible 
proportion of the air that the front of the car displaces. The 
intake tunnels at the back of the car can be made of fiberglass. 

With this technique, the wind resistance of any car of 
aerodynamically superior shape can be almost completely neutralized. 





Gas Turbine Aero thermo dynamics, Sir Frank Whittle 
Pergamon Press, 1931 

‘Ram’ Compression and Intake Design 


a t Like oil ;iir) low subsonic speeds, tor reasons which will be given below, the 
efficiency mm compression is very high at moderate and high subsonic speeds if the axis 
of the intake differs little from the line of flight, i.e., in the absence of yaw or other aero- 
dynamic deflection of the air at intake entry, and there is no error ot significance in assum- 
ing that the efficiency of ram compression is 100%. 


READER'S DIGEST 


Ma y igtly 


THEY CREATED THE JET AGE 

Bv Noel Vietmeyek 

The drama began in 

1929 when 22-year-old Frank 
Whittle, an officer in Great Brit- 
ain’s Royal Air Force (R.A.F.), pro- 
posed a new form of propulsion 
that would enable planes to fly very 
high and very fast. The secret: 
eliminate propellers and piston en- 
gines because above 20,000 feet the 
air is too thin for propellers to 
“bite” efficiendy and for piston en- 
gines to “breathe.” 

Almost no one took Whitde seri- 
ously. A plane without propellers? 


Unthinkable. Whittle’s cigar-shaped 
device stuffed air into itself with a 
fan that acted like a windmill. The 
compressed air was heated by burn- 
ing fuel, and the vast volumes of 
resulting exhaust gases were eject- 
ed with such velocity that the 
counter-reaction would force a plane 
forward. The British Air Ministry’s 
principal adviser on engine matters 
checked Whitde’s calculations and 
dismissed the whole concept. 

One person had faith, however: 
an instructor named Johnson at 
Whitde’s R.A.F. base. On January 
16, 1930— almost ten years before 
World War II broke out— he had 
Whitde submit his idea to the Brit- 
ish Patent Office. Whitde and 


Johnson tried over the next two 
years to interest private industry. 
There were no takers. The idea of 
the jet lay neglected. 

In 1948, the British government 
finally publicly recognized Whit- 
tle’s contribution. It awarded him a 
cash payment of £100,000 ($400,000), 
and King George VI knighted him. 
Since then, countries, cities, univer- 
sities and professional societies 
from all over the world have show- 
ered him with medals, awards and 
honorary degrees. In 1976 he immi- 
grated to the United States, teach- 
ing at the U.S. Naval Academy at 
Annapolis and living quietly out of 
the public spotlight. Today his 
home is in rural Maryland. 


By con- 
verting the kinetic energy of the incoming air 
into pressure, the ramjet is able to operate with-' 
out a mechanical compressor. Therefore, th» 
engine requires no moving parts and is mechani- 
cally the simplest type of jet engine which hat 
been devised. 


Jet Aircraft Power Systems by Jack V. Casamassa 
Copyright 1965, McGraw-Hill Book Company 
Reprinted with the author’s permission 

THE RAMJET 

The word “athodyd” is derived from the 
words “AeroTHermODYnamic Duct.” 

Briefly, the athodyds differ from the gas-tur- 
bine group in that the turbine wheel and com- 
pressor assembly are omitted. In the case of the 
ramjet engine, compression is supplied merely 
by ram pressure as the engine is moved forward 
at a very high velocity. In the pulsejet, air intake 
is obtained by reducing the pressure in the com- 
bustion chamber momentarily to induce a fresh 
charge of fuel-air mixture to enter the combus- 
tion chamber. 



Figure 5 • 3 Operating conditions within a supersonic 
ramjet. 
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To all whom it may concern: 

Be it known that I, Edward L. Fitz Gib- 
box, a citizen of the United States, and re- 
siding at Brooklyn. Kings county, New 
6 York, have invented certain new and useful 
Improvements in Motor-Vehicles, of which 
the following is a specification. 

This invention relates to motor vehicles, 
and has for its object the driving of the 
10 same by compressed air and providing me- 
chanical means therefor consisting of air 
tanks, a turbine motor, air intakes, and a 
compressor used in connection with one of 
the intakes to compress the air taken in at 
15 the same and supply it to the tanks for use 
in the motor. These and other details of 
the invention are more fully described in 
the following specification, set forth in the 
claims and illustrated in the accompanying 
20 drawings, wherein: 

Figure 1, is a longitudinal sectional view 
of the improved vehicle. 

Fig. 2, is a plan view of the chassis of the 
same. 

25 Fig. 3, is a detail view of the reverse side 
of the motor and condenser. 

In the use of compressed air for motor 
vehicles, considerable economy results from 
decrease in weight of fuel, eliminating the 
80 dangers of fire and explosion, intricate ma- 
chinery, cost of fuel and other reasons. The 
initial cost of the motion power in the pres- 
ent invention is very moderate and com- 
prises the tanks 5, adapted to be located 
35 within the running board and at a point 
very accessible for loading or unloading 
when a supply of air is needed. These tanks 
may be permanently located and the air sup- 
plied by means of a hose to a nipple. The 
40 two tanks 5, are connected by a pipe 6, and 
from the latter extends the pipe 7, carrying 
the nozzle 8, which is adapted to deliver a 
jet of air upon the blades 9, of the turbine 
wheel 10. 

46 The wheel 10, is located, as motors gen- 
erally are in this class of vehicles, at the 
front of the chassis and under the hoxl 11, 
and its shaft 12, carries a worm 1", to mesh 
with the wheel 14 of the driving shaft 15, 
60 that rotaies the rear wheels 16, through the 
well known means. 

The motor 10, consists of the ring 17-, car- 
rying on its outer edge a number of blades 
18, adapted to rotate within the casing 19, 
55 at one side of which is the nozzle 7, to ad- 
mit a blast of air from the air tanks to the 


periphery of the ring 17, and upon the 
blades 18 and through the pipes 6. In the 
latter, is the throttle valve 20, operated by 
the lever 21, adjacent the driver’s seat and 60 
by means of which more or less air may be 
admitted to the turbine, the lever being 
abjustable by means of the paw] 22, and 
rack 23. 

It is a well known fact that the air pres- 65 
sure on the front of a moving vehicle is 
sometimes considerable and means are shown 
in the drawings whereby resistance is elimi- 
nated and the pressure utilized. Above the 
hood and on line with the backs of the seats 70 
and the occupants, is a funnel 24, to col- 
lect the air which would have been exerted 
on those obstructions and neutralize it 
around the ring 17 and against the blades. 
After this volume of air and the compressed 75 
air are used against the blades the same is 
released and may be filtered out of the per- 
forations 25, at the front side of the casing. 

The hood itself is provided at its front 
side with a large funnel 26, covering the en 80 
tire side and leading to the tube 27, which 
supplies the air thus collected at the front 
of the vehicle to the condenser 28, from 
which it is pumped through a pipe 29, to the 
tanks. 85 

The condenser is operated by a small gas 
or other motor 30 and the same may oper- 
ate a dynamo for lighting the vehicle, or 
storage batteries may be provided for a 
motor for the condenser and the lighting; 90 
or a steam engine may be provided. 

Tanks 31 and 32, may be located at various 
parts of the vehicle where there may be 
empty spaces to carry the compressed air 
and be connected by suitable pipe with the 95 
tanks 5. 

It is obvious that the device is equipped 
with the necessary valves, cocks, gages,* etc., 
that are necessary to control the air and pro- 
vide for the safety of the tanks, and that 100 
the parts may be otherwise arranged or 
modified without departing from the essen- 
tial features above described and from the 
scope of the appended claims. 

What I claim as new is: 105 

1. In a motor vehicle, the combination of 
a vehicle, an intake funnel at the forward 
end of the frame, a turbine engine with 
rotating cups adapted to afford driving 
means for the wheels of the vehicle, a pipe 110 
from the intake funnel adapted 1 discharge 
air around the frame of the engine and into 


82 


g 1,304,078 


the cups, and a container for compressed 
8 r to be supplied to the motor cups. 

2. In a motor vehicle, the combination of 
a vehicle frame and wheels, an air driven 
6 turbine mounted in the frame and adapted 
to rotate the wheels, a circular casing in- 
closing the turbine, cups around the latter, 
compressed air driving means for the cups, 
a throttle valve operated from the seat of 
10 the vehicle, an air intake at the front of 
the vehicle, and a pipe from the intake to 
deliver air around the motor casing as an 
auxiliary to the compressed air driving 
means. 

15 3. In a motor vehicle, the combination of 


a vehicle frame and wheels, a turbine motor 
adapted to drive the wheels, a circular cas- 
ing inclosing the motor, compressed air driv- 
ing means with a nozzle for the motor, an 
air intake at the front of the vehicle, and 20 
a pipe from the same to supply air ro the 
motor around its under side. 

In testimony whereof I have signed my 
name to this specification in the presence of 
a subscribing witness, this 25th day of No- 25 
vember, 1919. 

EDWARD L. FITZ GIBBON. 

Witness : 

A. W. Baker. 
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ABSTRACT: A battery powered automobile include* an air 
operated turbine fed by front and tide air tcoop* for providing 
both charging current to the batterie* and driving power for 
the automobile. An auxiliary internal combustion engine it in- 
cluded for use when necessary. Deceleration and wind sensi- 
tive control* operate door structure on the front air tcoop so 
that it opens, increasing drag, only under predetermined con- 
ditions. Braking energy it utilized to help charge the batteries. 











ELECTRICALLY DRIVEN VEHICLE 

This invention relates to propulsion systems for a vehicle 
and more particularly to improvements in a battery driven au- 
tomobile. 

A vehicle constructed in accordance with this invention in- 
cludes a source of portable electrical energy, such as batteries, 
feeding an electric motor connected through a suitable drive 
train to the wheels and of the type adapted to function as a 
generator when driven. An air turbine is mounted on the vehi- 
cle and receives relatively moving air for the purpose of 
recharging the battery. Thus, both braking energy and the 
energy of moving air are used for recharging the battery. An 
auxiliary internal combustion engine is provided to insure 
propulsion when sufficient electrical energy is not available. 

The principal objects of the present invention are: to pro- 
vide an electrically driven vehicle which utilizes multiple 
sources of energy for recharging batteries; to provide such a 
vehicle wherein energy is tapped to recharge the batteries only 
where such action will not interfere with desired propulsion of 
the vehicle; to provide such an arrangement wherein wind 
energy for recharging batteries is obtained both from for- 
wardly directed and laterally directed scoops so that cross- 
wind energy as well as normal air flow may be utilized; and to 
provide such an arrangement wherein braking energy is used 
for creating charging current and an auxiliary power source in 
the form of an internal combustion engine is included for use 
when necessary. 

Other objects and advantages of this invention will become 
apparent from the following description taken in connection 
with the accompanying drawings wherein are set forth by way 
of illustration and example certain embodiments of this inven- 
tion. 

FIG. I is a partially schematic side elevation of an automo- 
bile embodying this invention with portions broken away to 
show interior construction. 

FIG. 2 is a partially schematic cross-sectional plan view 
showing interior construction of the automobile. 

FIG. 3 is a fragmentary plan view similar to FIG. 2 but show- 
ing front air scoop doors in closed position. 

FIG. 4 it a fragmentary cross-sectional side elevation on a 
larger scale showing the power train of the automobile. 

FIG. 5 is a schematic wiring diagram of the vehicle electri- 
cal components. 

Referring more in detail to the drawings. 

The reference numeral 1 generally indicates an automobile 
constructed in accordance with this invention. The automo- 
bile 1 comprises a streamline body 2 designed for minimum 
resistance to movement through the atmosphere and having a 
front opening air scoop 3 and lateral air scoops 4 and 5 open- 
ing at the respective sides of the structure. The air scoops 3, 4, 
and 5 respectively communicate into a manifold 6 forming the 
mouth or input of an air turbine 7 of the type having a free 
wheeling, low pressure forward section 8, which compresses 
the air therein while directing it rearwardly into a higher pres- 
sure section 9 Fixed on a common shaft with an overrunning 
clutch 10. The clutch 10 is drivingly engaged with a rear- 
wardly directed shaft 1 1 when the rotational speed of the tur- 
bine section 9 tends to exceed that of the shaft 1 1 . 

The air in the higher pressure section 9, after being utilized, 
exhausts through rearwardly opening exhaust pipes 12 which 
are aided in evacuation when air flows over the body 2 due to 
the rear position thereon. 

The body 2 is supported on a suitable frame 13 to which are 
rotatably journaled front wheels 14 and rear wheels IS in the 
usual manner through conventional suspension structure (not 
shown). The scoops 3, 4, and S, the ducts 16. 17, and 18 con- 
necting the scoops to the manifold 6, and the turbine 7 are 
suitably mounted on the frame 13 along with the remaining 
propulsion structure described below. 

Sliding flexible panels or doors 1° and 2*1 are engaged in 
suitable guides for meeting in the center of the mouth 21 of 
the scoop 3 to block entrance thereto. Elongated tension 
springs 22 and 23 urge the doors 19 and 20 to closed position 


and motors 24 operating, in this example, through suitable 
rack and pinion sets 25 are adapted to selectively urge the 
doors open under predetermined conditions. The doors 19 
and 20 are maintained in open position against the tension of 
5 the springs 22 and 23 by brakes 26 (FIG. 5) controlled by 
electrically operated means described below. 

An air pressure or speed switch 27 is located on the body 2 
in a position to sense the flow of air post the automobile and is 
operable to prevent the doois 19 and 20 from opening below a 
10 predetermined air speed. Functioning in conjunction with the 
switch 27 is a deceleration switch 28. The deceleration switch 
28 is operable to actuate the motors 24 to open the doors 19 
and 20 (assuming that sufficient air speed is sensed by thtj air 
I j pressure switch 27 ) when driving power is no longer applied to 
the automobile, as when the driver Intends to slow his forward 
speed. The deceleration switch 28, for example, may' be 
operated through suitable linkage with the automobile ac- 
celerator pedal 29. Through the functioning of the switches 27 
2 q and 28, the doors 19 and 20 are open only when there is suffi- 
cient air speed to efficiently operate the turbine 7 and the' 'au- 
tomobile does not require driving power. The closing of the 
doors 19 and 20 substantially streamlines the vehicle' for 
minimum air resistance. 

2 J The lateral scoops 4 and 5, however, are always open to 
take advantage of any crosswinds which generally do mot 
hinder the forward motion of the automobile. 

Also mounted on the frame 13 is a motor 30 of the type 
which, when electrically energized, acts as a motor, but when 
30 driven, functions as a generator. A suitable bank of batteries 
31 are carried on the frame 13 and electrically communicate 
with the motor 30 through a suitable conventional control 32 
by which the desired torque and speed output of the motor is 
obtained when desired and current is directed into the batte- 
35 ries 31 when the motor is driven. The motor 30 is connected 
to the shaft 1 1 which forms part of a drive assembly 33 alio 
mounted on the frame 13. 

The drive assembly 33 comprises a housing 34 and, in this 
example, has an upper section 35 and a lower section 36. The 
40 upper section 35 contains a sprocket si fixed to the shaft 1 1 
and mating with a chain 38 which in turn engages a sprocket 
39 contained in the lower section 36 on a shaft 40. The 
sprocket 39 is rotatable with respect to the shaft 40 but forms 
the input to a fluid coupling 41 , the output of which is fixed to 
the shaft 40. Thus, the rotation of the shaft 1 1 causes the rota- 
tion of the sprocket 39, but the latter rotation is not trans- 
ferred to the shaft 40 until the torque output of the fluid 
coupling 41 overcomes the resistance of the shaft 40. 

5Q Also mounted on the shaft 1 1 is a sprocket 42 engaged with 
a chain 43 which, in turn, engages a sprocket 44 fixed to a 
shaft 45 which supports a clutch plate 46. An internal com- 
bustion engine 47 of suitable design is schematically shown 
within the housing section 35 and has the output thereof In 
jj the form of a clutch plate 48 adapted to be driven into en- 
gagement with the plate 46 through operation of an electrically 
actuated hydraulic actuator 49 noted below. A tank 47’ for 
containing fuel is mounted on the frame 13 and connected to 
the engine 47. 

60 An additional sprocket 50 is fixed to the shaft 11 and en- 
gages a chain 51 which engages a sprocket 52 mounted on a 
floating clutch 53 mounted on, but rotatable with respect to, 
the lower shaft 40. A clutch plate 54 is fixed to the shaft 40 
and is adapted to be engaged by the floating clutch 53 when 
65 brake of the automobile is actuated in the usual manner, h is 
noted that the automobile brake also involves the «m»i wheel 
braking system (not shown). The shaft 40 projects rearwardly 
of the housing lower section 36 into a suitable gear box and 
differential system 55 wherein the desired drive ratios with the 
70 rear wheels 15 are obtained. 

In operation, the automobile, through the control 32. is nor- 
mally powered by the motor 30 receiving current from the 
batteries 31. If wind conditions arc proper whereby the tur- 
bine 7, through »hr lateral scoops 4 and 5, produces an output 
73 speed at the clutch 10 which is greater than the rotational 
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(peed of the shaft 1 1. the clutch 10 engages and the turhmc 7 
help* drive the automobile During deceleration, the front 
acoop 3 ii opened and the additional turbine intake help* drive 
the motor 30 for recharging the battenev When electrical 
energy it required to drive the automobile buf the batierie*are 
discharged below a predetermined level, this condition t* 
Kitted by a suitable voltmeterlike device S6 which' through a 
relay operates the actuator 49 which start* the internal com- 
bustion engine 47 and engages the clutkii plate* M and 44. 
The accelerator pedal 29 of the automobile is then operatic io 
control the internal combustion engine -*7 which continues to 
drive the automobile until the batteries are charged to a suita- 
ble energy level whereupon the device 56 causes dcuctiiati'Mi 
of the engine and disengagement of the clutch plates and 
48. 

When the automobile is decelerated, a* by braking, the nor 
mal braking system of the car actuates the floating clutch 53 
to engage the clutch plate 54 whereupon the rear wheel* drive 
the shaft 40 which, in turn, drives the shaft tl through the 
chain 51 but at a substantially higher ratio than usual, whereu- 
pon the energy of deceleration is utilized by the mo»or 30 to 
charge the batteries. If the braking force obuined through 
rotation of the motor 30 is insufficient, further dcpre**ion of 
the brake pedal will operate conventional automobile hrAci 
(not shown). Ignition switch 57 is provided for the ii-.iiol cr- 
pose. 

Although one form of this form of this invention has been il- 
lustrated and described, it is not to be limited thcrc'o except 
insofar as such limitation* arc included in (he following claim-. 

I claim: 

I . An electrically driven vehicle comprising 

a. a mobile frame having wheel* mounted thrri-.o tor 
rolling movement alone the ground: 

b. an electric motor on said frame and np-.nibly conrei.teri 
to said wheels for driving said vehicle: 

C. a storage battery on said frame and connected to «aid 
motor for driving naid motor: 

d. an air powered turbine on said frame, an air ■nmn on -aid 
frame and connected with -aid turbine for driving said 
motor, means selectively mechanically connecting snai 
air turbine to said motor; 

e. an auxiliary internal combustion engine mounted on viv! 
frame. 


* 
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f vitiate sensing means associated with said battery and 
•if crahly connected between said engine and said wheels; 
end 

| suid lust named means being operable to start said engine 
and connect said engine to said wheels when said battery 
i* discharged to a predetermined condition. 

2. An electrically driven vehicle comprising: 

a. a mobile frame having wheels mounted thereon for 
rolling movement along the ground; 

k an electric motor im said frame and opcrably connected 
to said ■‘•heel* for driving suid vehicle; 

c. n storage battery on said frame and connected to said 
motor for driving *aid motor. 

d an air powered turbine on said frame, an air scoop on said 
frame and communicating with said turbine for driving 
said motor, mean* selectively mechanically connecting 
»*hJ air turbine to said motor. 

e vim I air «coop being forwardly directed, and including; 
and 

f dtMir* adapted io Mock said air scoop to reduce air re- 
sistance when said mi-tor t* driving said vehicle, said 
door* including air -peed sensing means adapted to main- 
tain said (hairs closed below a predetermined air speed. 

3. An electrically driven vehicle comprising: 

a. n ’•'■■•Hie frame having wheels mounted thereon for 
rollins e-nvement along the ground; 

h. an i-lecire nva-ir m said frame and opcrably connected 
ln-.nid wheel* for driving said vehicle; 

C. a <i"r.ip hat*e-y on snid frame and connected to said 
r*'* , o* *r.r rinv ire said mo*or; 

d. an air ■'o-> ercil turbine on said frame, an air scoop on said 
fr?->c rl co— .muni sating with said turbine for driving 
said nmi*, means selectively mechanically connecting 
ce-ri air turbine to vud motor; 

c. *nid air *coop heing forwardly directed, and including; 

f. doors i-trptcd to block said air scoop to reduce air re- 
sistance when viid motor is driving said vehicle; and 

g ratMl door? including mean* sensitive to the reduction of 
dnvmp energy to said vehicle to operate said doors. 

4. The vehicle as «et forth in claim 3 wherein said air scoop 
comprises: 

a. Inters!b’ di-ecird nir scoop adapted to receive crosswind 
energy for powering said turbine. 
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[57] ABSTRACT 

A power plant for mobile homes, camping trailers, and 
the like, capable of capturing low powered aeolian 
energy, storing said energy in the form of compressed 
air, and delivering it on demand in the form of house- 
hold electrical current. The device comprises a wind 
turbine driving an air compressor which feeds a storage 
tank. On demand, the compressed air drives a turbine 
coupled to an electrical generator. Various pressure 
regulators are used to regulate the speed of the genera- 
tor. The wind turbine is also coupled to an alternator 
which maintains a bank of electrical batteries charged. 
A DC motor running on the batteries is used when 
necessary to boost the drive of the air compressor dur- 
ing periods of heavy or long power drain. Provision is 
made for rapidly recharging the power plant from ei- 
ther a supply of compressed air or from an AC power 
source. 


10 Claims, 4 Drawing Figures 
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POWER PLANT FOR CAMPING TRAILER 

BACKGROUND OF THE INVENTION 

The current shortage of fossil fuel and public concern 5 
for the quality of the environment have triggered a 
hurried search for alternate forms of energy. The cap- 
ture and use of solar energy, and its derivative, wind 
power, is the object of many new inventions. Due to the 
inefficiency of the collector device and storage media, 
use of these forms of energy has been limited to low 
power stationery applications. Yet wind power should 
be adequate for any application requiring very low 
power or a short, occasional low to medium power 15 
supply of energy. These circumstances are encountered, 
for instance, in a refrigerated railroad car where occa- 
sional bursts of power are required to run the refrigerat- 
ing system in order to maintain a low temperature inside 
the car. Similar circumstances are found in some mobile 20 
housing units such as a camping trailer. There, again, a 
supply of household current might be necessary for a 
short time between long periods of travel. In such in- 
stances, a system can be devised for accumulating en- 
ergy generated by a wind turbine powered by the wind 25 
or by the air draft created by the motion of the vehicle. 

It is further desirable that the power system be replen- 
ishable from non-polluting energy sources which can be 
encountered along the travel route. 

30 

SUMMARY OF THE INVENTION 

It is accordingly an object of the instant invention to 
provide a novel power plant for mobile homes, and the 
like, which captures aeolian energy, stores it in the form 
of compressed air, and delivers it on demand in the form 
of household electrical current. 

Another object of this invention is to provide a power 
plant which does not discharge polluting effluents into 
the atmosphere. 

Still another object of the invention is to provide a ^ 
power plant which can be recharged by capturing the 
effect of the wind, or the effect of the air draft created 
by the movement of the vehicle. 

A further object of the invention is to provide a 4? 
power plant which can be recharged from a household 
current electrical outlet. 

It is also an object of this invention to provide a 
power plant which can be replenished from a source of 
compressed air such as those found in automotive ser- 5Q 
vice stations. 

An additional object of the invention is to provide a 
power plant which is responsive to a very low level of 
aeolian energy for a short period of time. 

These and other objects are achieved by a power 55 
plant which comprises a wind turbine driving an air 
compressor. Theair supply by the compressor is stored 
in the tank and used on demand to activate a turbine. 
The turbine, in turn, is coupled to a generator which 
creates household current. The wind turbine is also 60 
coupled to generators which charge a series of electri- 
cal batteries. On occasions when the AC power drain 
requires it, a motor running on the batteries is used to 
boost the output of the air compressor. Provision is 
made for driving the compressor from an outside AC 65 
power source. The air tank has a separate inlet through 
which it can be replenished from a source of com- 
pressed air. 


IN TTHE DRAWINGS 

FIG. 1 is the general block diagram of the entire 
power plant; 

FIG. 2 is a front elevation of the wind turbine and of 
its mechanical coupling to the drive shaft; 

FIG. 3 is a cross-sectional view' taken along line 3 — 3 
of FIG. 2 showing the propeller linkage mechanism in 
the engaged position; 

FIG. 4 is a view similar to the one illustrated in FIG. 
3 but showing the propeller linkage mechanism in the 
disengaged position. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT OF THE INVENTION 

Referring now to FIG. 1. there is shown a dia- 
gramatical representation of the preferred embodiment 
of the invention. A wind turbine comprising a propeller 

I and an orthogonal coupling assembly 2 drives a shaft 
3 connected to a centrifugal clutch 4. This type of 
clutch is designed to engage itself when the speed of the 
drive shaft 3 reaches a certain minimum preset limit. 
The plate of the clutch is first connected to a compres- 
sor number 5 and second to a couple of DC generators 
6 and 7. Block 5 represents a adiabatic compressor re- 
quiring an input drive of approximately one-fourth 
horsepower. The output of the compressors 5 is pro- 
tected by a check valve and leads into a pipe 8 con- 
nected to a tank inlet pipe 9. The inlet pipe 9 feeds into 
a holding tank 10 capable of holding sixty gallons of 
compressed air under a maximum pressure of 200 
pounds per square inch. The DC generators 6 and 7 
supply a series of electrical batteries 23. The batteries 
feed a DC motor 16. The DC motor is in turn connected 
to a second compressor 17. The second compressor 17 is 
similar to the first compressor 5 and is connected 
through to pipe 18 to the tank inlet pipe 9. A third 
compressor 19 similar to the first and second compres- 
sors is also connected to the tank inlet pipe 9 through 
pipe 20. The third compressor 19 is powered by an AC 
motor 21. A pressure limit switch assembly 14 senses 
the pressure in the holding tank through a pipe 13. A 
high pressure switch within the assembly 14 is activated 
when the holding tank reaches the maximum safely 
allowable pressure. This switch through line 15 causes 
the disengagement of the clutch 4 and turns off DC 
motor 16 and AC motor 21. A second switch within the 
assembly 14 is activated when the holding pressure falls 
below a preset limit. 

This second switch through line 15 turns on the DC 
motor 16. It can now be seen that when the tank pres- 
sure is below the lowest limit, both the first and second 
compressors 15, 17 will be activated. When the tank 
pressure goes above the lowest preset limit, only the 
first compressor 5 will be activated. If the holding tank 
pressure reaches the maximum tolerable limit all the 
compressors will be deactivated. The engagement 
speed of the centrifugal clutch 4 is set to a level corre- 
sponding to the minimum power necessary to drive the 
first compressor 5 and the DC generators 6 and 7. If the 
speed of the wind falls below that level, the shaft 3 will 
be free-running. The holding tank 10 has a separate inlet 

II protected by a check valve 12. The holding tank is 
connected to a turbine feed tank 30 through pipe 24 
controlled by valve 25. The turbine feed tank 30 is 
connected to the inlet of a turbine 33 through pipe 31 
controlled by valve 32. The turbine 33 is powered by 
the expansion of the compressed air supplied by the 
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turbine feed tank 30 The turbine 33 is similar to the 
compressed air motors used in certain impactors and 
drills. The turbine drives an AC generator 35 designed 
to supply approximately five kilo volt amperes of 
household current at 60 Hertz and 110 volts. The tur- 5 
bine is turned on by means of the valve 32 controlled by 
an/off switch 36. The speed of the turbine 33 is deter- 
mined by the pressure of the air accumulated in the 
turbine tank 30. The pressure is monitored by sensor 27 
connected to the turbine feed tank 30 by pipe 26. Sensor 10 
27 contains a set of high and low limits. When the tur- 
bine feed tank pressure falls below the low limit, valve 
25 is opened through control line 28. When the pressure 
in the turbine feed tank 30 reaches the high limit, the 
valve 25 is closed. The high and low limit of sensors 27 15 
are not fixed but subject to minor vanations in response 
to the speed of the turbine 33. The speed of the turbine 
33 and of the generator 35 is monitored by speed sensor 
34. The output of the speed sensor 34 is inversely pro- 
portional to the speed of the turbine 33. The speed 20 
sensor signal 29 is fed to sensor 27. if the output fre- 
quency of the generator 35 deviates from the required 
60 Hertz, the high and low limits of the sensor 27 are 
either increased or decreased. If the speed of the gener- 
ator is slowed down by an increase in the load current, 25 
the high and low limits of sensor 27 are raised in order 
to raise the pressure in turbine feed tank 30. The turbine 
33 will respond to the pressure change by increasing its 
rotational speed. The output of the generator 35 is made 
available for use through lines 38 and 40 controlled by 30 
a switch 37. The pressure in the holding tank 10 may be 
boosted from two external sources. First, compressed 
air may be introduced through inlet 11. Second, the AC 
motor 21 may be connected to an external source of 
electrical energy through lines 39 and 40 controlled by 35 
switch 37. The external electrical source may also be 
applied to a battery charger 22 which supplies the series 
of batteries 23. In an alternate version of the preferred 
embodiment, it is suggested that an AC/DC converter 
41 be used to drive the DC motor 16 from the external 40 
electrical supply. In such a case, the AC motor 23 and 
the third compressor 19 are not necessary. The power 
plant just described is primarily designed to be installed 
on board a camping trailer. This power plant will accu- 
mulate aeolian energy during the periods when the 45 
wind is blowing or the trailer is in motion. The energy 
is stored in two forms. First, it is stored in the form of 
compressed air in the holding tank 10. Second, it is 
stored in the form of DC current in the series of batter- 
ies 23. Both storage media are ecologically clean. Fur- 50 
thermore, the electrical system can boost the power of 
the compressed air system during periods of heavy 
power drain or long use. For added convenience, the 
system can be refueled from an external source of elec- 
trical energy such as a household outlet or from an 55 
external source of compressed air such as those found in 
service stations for use by automobilists. It should be 
noted also that this power plant is versatile in that it can 
be driven not only from the movement of fluids such as 
air or water, but also from the movement of the vehicle. 60 
In the later case, the shaft 3 would be coupled directly 
to the wheel of the vehicle. 

Referring now to FIGS. 2 through 4, there is shown 
the details of the propeller 1 and coupling box 2. The 
propeller is noticeable by the fact that it is protected 65 
against bursts of wind which could damage the equip- 
ment. The hub 45 of propeller 1 is mounted on a shaft 46 
by means of a conical spindle 46. The hub has a central 
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cavity 51 matching the outline of the spindle 47. The 
hub 45 is held against the spindle by means of a coil 
spring 48 resting against an adjustable stop 49. An ex- 
cess of pressure of the wind against the propeller 1 will 
cause the hub 45 to be pulled back against the spring 48, 
disengaging it from the spindle 47. At that point the 
propeller 1 will rotate freely without driv ing the shaft 
46. The pressure of the coil spring 48 may be adjusted 
by turning the ring 50 around the threaded base of the 
stop 49. 

The various mechanical and electro-mechanical com- 
ponents of the power plant such as the centrifugal 
clutch, compressors, generators, turbines, valves and 
pressure-activated switches are well known to those 
skilled in the art. 

The speed sensor 34 mat be implemented with an 
electronic integrator whose output signal 29 amplitude 
is proportional to the frequency of AC generator 35. 
The signal 29 is then used to modulate the sensitivity of 
sensor 27 switches. This technique is also well known to 
those skilled in the electro-mechanical arts. 

Modifications, other than those suggested, can be 
made to the embodiment of the invention just described 
wnthout departing from the spirit of the invention and 
the scope of the appended claims. 

The invention claimed is: 

1. A power plant which comprises: 

(a) first rotating means responsive to movement of a 
fluid; 

(b) first fluid compressor driven by the first rotating 
means; 

(c) first means for coupling the first rotating means to 
the first fluid compressor; 

(d) first electrical energy generator driven by the first 
rotating means; 

(e) second means for coupling the first rotating means 
to the first generator; 

(f) means for accumulating electrical energy gener- 
ated by the first generator; 

(g) second rotating means responsive to said accumu- 
lated energy; 

(h) second fluid compressor driven by the second 
rotating means; 

(i) means for storing compressed fluid; 

(j) fluid conduit means for connecting the outputs of 
the first and second fluid compressors to the means 
for storing; 

(k) means responsive to fluid pressure within the 
means for storing for controlling the operation of 
the first and second fluid compressors; 

(l) third rotating means responsive to the expansion of 
compressed fluid; 

(m) means for connecting the means for storing to the 
third rotating means; 

(n) second electrical energy generator driven by third 
rotating means; and 

(o) means for coupling the third rotating means to the 
second electrical energy generator. 

2. The power plant claimed in claim 1 wherein the 
means for controlling the operation of the first and 
second fluid compressors comprise: 

(a) first switch means responsive to high pressure for 
turning off the second rotating means and for inhib- 
iting the first fluid compressor; and 

(b) second switch means responsive to lower pressure 
for turning on the second rotating means. 

3. The power plant claimed in claim 2 wherein the 
means for storing compressed fluid comprise: 
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(a) a high pressure tank, 

(b) a low pressure tank, 

(c) first valve means responsive to fluid pressure in 
the low pressure tank for regulating the flow of 
fluid from the high pressure tank to the low pres- 5 
sure tank; and 

(d) the means for connecting the means for storing to 

the third rotating means comprise fluid conduit 
means and second valve means for controlling the 
flow of fluid. 10 

4 . The power plant claimed in claim 3 wherein said 
means for storing further comprise means responsive to 
the rotating speed of the third rotating means for con- 
trolling the first valve means. 

5 . The power plant claimed in claim 4 which further 15 
comprises: 

(a) fourth rotating means responsive to electrical 
energy: 

(b) third fluid compressor driven by the fourth rotat- 
ing means; 20 

(c) means for coupling the fourth rotating means to 
the third fluid compressor; 

(d) means for connecting the third fluid compressor 
to the means for storing; and 

(e) means for connecting the fourth rotating means to 25 
an external electrical energy source. 

6 . The power plant claimed in claim 4 wherein said 
means for accumulating comprise at least one electrical 
storage battery; 
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a batters charger connected to said battery, and 
means for connecting said battery to an external elec- 
trical power source 

7. The power plant claimed in claim 1 wherein said 
first rotating means comprise: Lpl (a) a rotating shaft; 

(b) a conical spindle at one end of the shaft; 

(c) a propeller having m its hub a conical hole engag- 
ing said spindle; 

(d; means for resilient! y holding the propeller en- 
gaged around said spindle; and 

(e) means for adjusting the pressure of the means for 
holding against the propeller. 

8 . The power'plant claimed in claim 4 wherein the 
first means for coupling comprise a centrifugal clutch. 

9 . The power plant claimed in claim 7 installed into a 
vehicle. 

10 . The power plant claimed in claim 9 wherein said 
high pressure tank comprises a means for connecting 
said tank to an outside source of compressed air; 

said means for accumulating electrical energy com- 
prises at least one electrical storage battery; 
said second rotating means comprise a DC motor; 
said third rotating means comprise a turbine powered 
by expansion of compressed air; 
said second electrical energy generator comprise a 
generator of household alternating current; and 
means for distributing said household current to the 

vehicle electrical appliances. 

***** 



Air To The Future? 


Oblivious to curious stares, Claud Mead he envisions will spare American motorists sion of car will get *00 miles to a tank of 

drives Clairemont street in "air power car from gasoline woes. Theoretically, big ver- compressed air. (Story on B-5) 
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involve-: in sir cars. He to! 4 our 
correspondent that when he started 
getting publicity about his air car, 
he was visited by two congressmen 
who informed him of the implications 
of what he -was doing and asked him 
to disassemble his air car, which 
he did. He says there was an article 
in Windpowe r Digest about five years 
ago (1932?) about a project done by 
S..V. Research of San Antonio which 
closely resembled the system he paten- 
ted for capturing the energy in lov; 
winds . 

Mr. Mead is not disclosing his 
J esign secrets for air cars. 

for possible updates on this 
information, contact David London, 

Box 560, Hollywood, Florida 33022. 


see also Popular Mechanics 
February 1971, "Running on wind" 
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ELECTRICALLY DRIVEN VEHICLE 
Joseph W . Spahn, 5007 N. Kensington. Kansas Cilv. Mo. 

Filed Sept. 23, 1968. Ser. No. 761.560’ 

Int. Cl. B60I 11 ; 14 ; B60d 9100 
L.S. Cl. 180—68 4 Claims 


A batter) powered automobile includes an air operated 
turbine fed by front and side air scoops for providing both 
charging current to the batteries and driving power for the 
automobile. An auxiliary' internal combustion engine is in- 
cluded for use when necessary. Deceleration and wind sensi- 
tive controls operate door structure on the front air scoop so 
that it opens, increasing drag, only under predetermined con- 
ditions. Braking energy is utilized to help charge the batte- 
ries. 



„,,UK Patent Application „ 9 ,GB 2 126 963 A 


New Scientist, 10/25/^4 
Perpetual drive on air 


B RITISH patent application 
2 1 26 963, from Roger 
Brierley of Edinburgh, is an 
impressive document. In 26 
sheets of technical drawings and 
33 pages of text it describes how 
a car cr train can be powered by 
air. 

The patent invokes 
Bernoulli’s theorem, Newton’s 
laws, the Venturi effect and 
Maxwell-Boltzmann velocity 
distribution. But the invention 
still looks suspiciously like a 
ciever reworking of an old 
perpetual motion idea. 

A car, says the inventor, uses 
50 per cent of its power to 
overcome air resistance. The 
car which Brierley describes is 
streamlined, and channels air 
be to a tunnel with a small cross 
section where the air accelerates 
to a velocity higher than that of 
the moving vehicle. The high- 
speed air drives a turbine which 
is connected to a drive motor 
and batteries. “Excess energy 
produced at cruising speed 
would be stored for use during 
acceleration,” says the inventor. 
Weight of the occupant saps 
energy during acceleration, but 
contributes momentum during 
cruising. “Hopefully,” says 
Brierley, “these will cancel 


(54) Air powered electrical vehicle 

(57) The invention is a method of 
producing electrical power in situ for 
uso in the propelling of a moving 
vehicle through an air passage. This is 
achieved by streamlining the air of the 
air passage, then channelling the air 
through into a small cross-sectional 
area, by appropriate design of the 
vehicle, so that the air is accelerated 
to a relatively high velocity, 
substantially increased over that of 
the moving vehicle. The forward 
kinetic energy of the air stream is 
therefore increased in accordance 
with Bernoulli's theorem and is 
therefore capable of producing 
sufficient energy to not only overcome 
the air resistance of the vehicle but 


also most of the other drains on the 
power consumption of the vehicle, 
such as frictional forces. 

The kinetic energy of the air stream 
so induced is harnessed by placing an 
air turbine system in the path of the air 
stream, in an optimised position 
towards the rear of the vehicle. A 
generator is connected to the air 
turbine and the electric energy 
produced is fed to an electric motor, 
which propels the vehicle. This 
electrical energy could either be fed 
directly to the motor or first be 
transferred to a battery storage 
system. Whilst there are a number of 
air tuitiine systems that could be 
employed with this invention a special 
dual turbine arrangement is described 
in the request specification. 

(71) Applicant 

Roger Stuart Briarley, 
10 Grosvenor Crescent, 
Haymarket. 

Edinburgh. 

E12 5EP 
Inventor 

Roger Stuart Brierley 
Agent and/or address for 
service 

R. S. Brierley, 

10 Grosvenor Crescent, 
Haymarket. 

Edinburgh, 

E12 5EP 


each other out and the 
occupants will have travelled 
on their journey for free in terms 
of energy usage”. 

Under the laws in force 
prior to 1978, the British 
Patent Office would auto- 
matically reject any application 
“contrary to well-established 
natural laws”, because it wasted 
the examiners’ time. The 
London Patent Office now 
seems more liberal in its 
policy. □ 


(21) Application No 8201614 

(22) Dato of tiling 20 Jan 1 982 
(43) Application published 

4 Apr 1984 

(51) INT CL 3 
B60K 1/00 

(52) Domestic classification (72) 

B7H A5 

(56) Documents cited (74) 

FR A 0877563 
US 3556239 
US 3878913 
US 3374849 
(58) Field of search 
B7H 


Brierley’ s complete patent is included later in this book. 
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ELECTRIC VEHICLE 
Lawrence E. Redman, 2005 E. Adams St, 

Phoenix, Ariz. 85034 

Filed Sept 28, 1966, Ser. No. 582,647 5 

7 Claims. (Cl. 180 — 65) 

This invention relates broadly to motor vehicles and 
more specifically to improvements in the propulsion sys- 
tem therefor, jq 

One of the objects of the present invention is to 
provide an electric motor propelled vehicle having two 
banks of batteries with means for driving said motor 
by one bank of bateries while charging the other bank 
of batteries. 15 

Another object is to provide an electric motor pro- 
pelled vehicle having an air driven turbine mounted 
thereon which is connected to two banks of batteries 
for charging one bank of batteries while the other bank of 
batteries provides the- motive power for propelling the 20 
vehicle. 

Si'll another object is to provide an electric motor 
propelled vehicle having an air driven turbine mounted 
thereon and operatively connected to a plurality of alter- 
nators for charging a plurality of batteries with which to 25 
drive the electric motor. 

Other objects and advantages more or less ancillary 
to the foregoing in the manner in which all of the various 
objects arc realized will appear in die following de- 
scription, which, when considered in connection with 30 
the accompanying drawings, sets forth the preferred 
embodiment of the invention. 

Referring to the drawings wherein the preferred em- 
bodiment of the invention is iilustrated: 

FIGURE 1 is a plan view of a vehicle embodying the 35 
present invention with the body thereof having been re- 
moved in tiic interest of clarity; 

FIGURE 2 is a front elevational view of the vehicle 
of the present invention with the forward portion of the 
body being illustrated in broken lines; 40 

FIGURE 3 is a vertical sectional view of the vehicle 
embodying the present invention, the view being taken 
on the line 3 — 3 of FIGURE 1; and 

FIGURE 4 is a vertical sectional view of the front 
end portion of the vehicle of the present invention, the 4a 
view being taken on the plane 4 — 4 of FIGURE I. 

Referring to FIGURE 1, there is shown a vehicle 
frame 10 with an axle II mounted on the forward end 
thereof for rotatably supporting a pair of front wheels 
12. Tiie front wheels are provided with conventional 
steering arms and linkage, not shown, to facilitate the 
l liming and guiding of said motor vehicle. 

The rear end portion of the frame 10 has mounted 
thereon an axle housing 15 which is provided with a 
'conventional differential unit 16 with the rear driving oy ' 
wheels 17 being connected to the axle housing 15. 'The 
rear end of the vehicle frame 10 is provided with a 
transverse member 18 which constitutes a support for 
an electric motor 20. The motor may be a DC motor 
of 15 HP and operating on 110 volts and said motor is ^ 
provided with an output shaft 21 that is connected to 
an electrically actuated clutch member 22. The drive 
shaft of the clutch 22 is connected to a universal joint 
23 that in turn is drivingly connected by a shaft 24 
to the differential unit 16. Thus, upon energization of the 
motor 20 and actuation of the clutch 22, the rear wheels 
17 of the! -vehicle will be rotatably driven through the 
differential unit 16 and axle housing 15 to propel the 
vehicle. 

Tiie forward end of the vehicle frame 10 has mounted l(> 
thereon an enlarged air scoop 27 which lias the configura- 
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tion of a funnel and is of such a size as to extend across 
the forward end of the vehicle so as to substantially 
enclose or overlie the front wheels 12. The air scoop 27 
merger into an elongated housing 28 that is formed with 
a plurality of communicating sections or areas 29, 30 
and 31. The sections 30 and 31 are eacli of progressively 
smaller diameter than the preceding section or area and 
a tapered collar or portion 32 is employed to connect 
the several sections to one another. The sections 29, 30 
and 31 have positioned therein a shaft 35 which is 
mounted upon suitable supports, not shown, -for rotative 
movement within said housing. The forward end portion 
of tiie shaft 24 within the section 29 of the housing 28 
has mounted thereon turbine elements or fan members 36 
that are arranged in spaced relation to one another and 
which are of a diameter slightly less than the internal 
of said section. The section 30 of the housing 28 is also 
provided with a pair of spaced turbine elements or fan 
members 37 mounted on the shaft 21 wiiich are of a di- 
ameter slightly less than tiie internal diameter of the 
section. The shaft 24 terminates within the section 31 
of the housing 28 and an electrically actuated clutch 
member 38 is connected to the end thereof. Idle clutch 
member 38 is in turn connected to an electric motor 
39 for imparting initial rotation to the shaft 24 and the 
turbine elements mounted thereon. 

Tiie section 31 of the housing 28 lias connected thereto 
a bifurcated exhaust or passageway system consisting 
of a pair of tubular conduits 41 which project outwardly 
beyond the rear end of the vehicle and are supported 
upon the -transverse member 18. These conduits permit 
the air which has entered the housing 28 and moved 
through the various sections thereof, for rotating the 
turbine elements, to be discharged at the rear of the 
vehicle. The vehicle frame 10 has mounted on each side 
thereof a suitable bracket or support 42 for the recep- 
tion of five storage batteries of 24 volts each. This ar- 
rangement constitutes a right bank of batteries 43 and 
a left bank of -batteries 44 which are connected by suit- 
able cables, not shown, to the- electric motor 20. The 
two -banks of -batteries are provided with suitable con- 
trols, not shew'n, to facilitate tile connection of one hank 
of batteries to the motor 20 while disconnecting the 
other bank of batteries from tiie motor 20 so that through 
said controls both banks of batteries may be disconnected 
from the motor 20 when the vehicle is not in operation, 
While first one and then the other bank of batteries may 
be connected to the motor 20 while the vehicle is being 
operated. 

The shaft 24 adjacent the clutch member 38 in the 
housing section 31 has a pair of pulleys 46 mounted there- 
on for rotation therewith. Each of the pulleys 46 has a 
belt 47 entrained thereabout with one of the bells engag- 
ing a pulley 48 that is secured to a shaft 49 which is sup- 
ported on tiie right side of tiie vehicle frame 10. The 
shaft 49 also lias a pair of alternators 50 affixed thereon 
in spaced relation to one another for rotation with said 
shaft and pulley, 'the other belt 47 is likewise connected 
to a puiley 51 that is secured to -a shaft 52 which has a 
pair of alternators 53 mounted thereon in spaced rela- 
tion to one another. The alternators 50 are connected to 
the- right, bank of batteries 43 while the alternators 53 arc 
connected to the left bank of batteries 44. The top of the 
housing 28 above the section 29 has mounted thereon, 
by- any suitable means, a bank of four switches 55 for 
controlling tiie four alternators 50 and 53 while four 
voltage regulators 56 arc provided for the four alternators. 
There is also provided on top of the housing 28 a pair of 
rheostats 57 which are connected to the right and left 
bank of batteries. The forward inturned end portion of 
tiie air scoop 27 has mounted thereon, by suitable 
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brackets, not shown, a conventional battery charger 59 
that is connected to the two banks of batteries to facilitate 
the charging of said batteries when the vehicle is not 
operating by connecting the battery charge 59 to a suit- 
able source of electric current. 

Jn the use of the vehicle of the present invention, the 
motor 39 is energized and the dutch 38 is actuated so 
as lo initiate rotation of the shaft 24 and the turbine 
elements 35 and 37. This rotation of the shrift 24 will 
also drive the alternators 50 and 53. The motor 20 is 
then, energized by connecting it to one of the banks of 
batteries after which the clutch 22 may then be actuated 
for driving through the different jal unit 16 the vehicle 
wheels 17 and moving the/ vehicle forwardly. As the 
vehicle is moved forwardly tj£$ means of the motor 20, air 
will be directed into the housing 28 by means of the sgfjlop 
27 and the air in moving through the housing 28 will 
rotate the turbine elements 36 and 37 in the compart- 
ments or sections 29 and 30 and the air will then flow 
through the compartment 30 and into the conduits 41 
from whence it will be .exhausted at the rear of the 
vehicle. As the air moves through the housing 28, it will 
continue to rotate the turbine elements 36 and 37, thus 
permitting the clutch 38 to be disengaged and the motor 
39 turned off ns the rotation of the turbine elements 36 
and 37 will drive the alternators 50 and 53. Assuming that 
the motor 20 is being run by the right bank of batteries 43 
so that through the switches 55 the left bank of batteries 
may be charged and when the right bank of batteries 43 
become weak and incapable of driving tire motor 20, the 
left bank of batteries 44 may then be cut into operation 
for driving the motor 20 while the right bank of batteries 
43 may then be charged by the alternators 50 and 53. in 
this manner, one bank of batteries will be charged by the 
alternators while the other bank of batteries is used for 
driving the motor 20 and the charging of the bank of 
batteries by the alternators will be accomplished by the 
rotative movement of the turbine elements 36 and 37 
within the housing 28. The rotation of the turbine ele- 
ments, of course, is accomplished by means of t he air 
moving through the housing from the scoop 27 and into 
the conduits 41 from whence it will be exhausted tit the 
rear of the vehicle. 

In the foregoing manner the vehicle can be operated by 
means of the electric motor 20 wherein one bank of 
batteries is used to supply power to the motor while the 
other bank of batteries is being charged by the alternators,. 
The banks of batteries may be reversed when one bank 
becomes incapable of driving the motor 20, so that by 
alternately charging the banks of batteries and driving the 
electric motor off of the bank of batteries that is not 
being charged, the vehicle may be propelled over a road- 
way to insure that the air stream moving through the 
scoop 27 and housing 28 will drive the turbine elements, 
Tiie continued rotation of the turbine elements by means 
of the air flowing through the housing permits the al- 
ternators to charge one bank of batteries while allowing 
the vehicle to move forward by means of the motor 20 
being operated from the other bank of batteries. 

Although the foregoing description is necessarily of a 
detailed character, in order that the invention may be 
completely set forth, it is to be understood that the 
.Specific terminology is not intended 1 o be restrictive or 
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confining and that various rearrangements of parts and 
modifications of detail may be resorted to without depart- 
ing from the scope and spirit, of the invention as herein 
claimed. 

5 What is claimed is: 

1. In a vehicle having a frame and a pair of driving 
wheels, an electric motor mounted on said frame and con- 
nected to said wheels for rotatably driving same, a sup- 
port mounted on each side of said vehicle frame, a bank 
of batteries in each support, an air scoop at the forward 
end of said frame, an elongated housing communicating 
with said scoop, a plurality of turbine elements positioned 
in said housing for rotation therein, a plurality of alter- 
nators driven by said turbine elements and control means 
15 for connecting said electric motor to one of said bank of 
batteries for driving said vehicle while connecting the 
other bank of batteries to said alternators for replenish- 
ing the charge in said other bank of batteries upon the 
rotation of said turbine elements. 

20 2. In. a vehicle of the type as defined in claim 1 wherein 

said frame has mounted thereon a battery charging unit 
connected to said banks of batteries! said unit having 
means for connecting same lo a source of power for charg- 
ing the banks of batteries when said vehicle is not in use. 
25 3. In a vehicle of the type as defined in claim 1 where- 

in said elongated housing is formed with a plurality of 
sections progressively smaller in diameter with the last 
section connected to a bifurcated exhaust conduit system, 
and at least two sections of said housing having turbine 
30 elements positioned therein. 

4. In a vehicle of the type as defined in claim 3 wherein 
said turbine elements are mounted on a shaft in said 
housing with an electric motor connected to said shaft by 
a clutch element for rotating said shaft and alternators 

3o prior to and during the initial movement of said vehicle 
by said electric motor mounted on said frame. 

5. In a vehicle of the type as defined in claim 4 wherein 
said shaft is provided with a pair of pulleys for driving 
said alternators by means of a pair of belts. 

<in 6. In a vehicle of the type as defined in claim 5 where- 
in said housing has a plurality of switches mounted there- 
on for controlling said alternators whereby said alter- 
nators upon the rotation of said turbine elements will 
charge one bank of batteries while the other bank of bat- 
45 'terics will be rotating said electric motor for driving said 
vehicle. 

7. In a vehicle of the type as defined in claim 1 wherein 
said air scoop is formed with an enlarged portion sub- 
si antially encompassing the forward end of the vehicle 
5(1 frame and a grill element positioned across said enlarged 
portion. 
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ABSTRACT OF THE DISCLOSURE 

An electric motor driven vehicle having at least one 
electric motor to supply power to said vehicle, the im- 
provement which comprises a system associated with each 
electric motor to supply electric power thereto comprising 
batteries arranged in series, and either a solar cell supply- 
ing energy to said batteries, a power-generating means 
with paddle wheel and venturi lube or both adapted to 
supply power to said batteries. The above combination 
may be used either alone or in conjunction with a con- 
ventional internal combustion engine. 


The present invention relates to an automobile, boat or 
other vehicle that may be driven by electric power or a 
combination of electric power and gasoline power, and, 
more particularly, to an automobile in which electric 
motors are powered by batteries, which batteries are 
charged by the action of air currents, sunlight, or a com- 
bination of both. 

In recent years, air pollution has become an ever in- 
creasing problem, especially in the area around and in 
large cities. The automobile is considered as the major 
factor in creating this problem of air pollution, the auto- 
mobile contributing approximately 80% to 90% of all of 
the air pollution found in and around large metropolis 
areas. 

The carbon monoxide gases and other poisons that are 
spewn in the atmosphere by gasoline-driven vehicles post 
a serious threat to life expectancy. The life of the people of 
today is being shortened, according to reports, from seven 
to ten years because of such air pollution. 

Carbon monoxide gases are said to be one of the main 
causes of lung cancer, emphysema, heart disease and seri- 
ous eye trouble as well as the dizzyness that often causes 
a driver to have a serious or fatal accident while operating 
a vehicle. 

Various attempts to eliminate the air pollution problem 
associated with the noxious and poisonous fumes given otf 
by an automobile have not been completely successful. 
Thus, for example, attempts have been made to install an 
after-burner device on the exhaust of an automobile so 
that the fumes that are egiven off by the burning of the 
gasoline will not be expelled directly into the atmosphere 
but will be subsequently burned to produce less noxious 
materials. While such devices have in some instances 
eliminated some of the problem associated with the fumes 
given off by automobiles, such after-burner devices have 
not been completely successful since it is impossible to 
completely eliminate all of the noxious material that is 
expelled to the atmosphere. Thus, even with such mate- 
rials, there still is expelled to the atmosphere sufficient 
noxious and poisonous material tending to create serious 
air pollution problems. 

In recent years there has been considerable experi- 
mentation with an electric car. Electric cars, per se, have 
been known for years. These include the small battery- 
operated vehicles such as golf carts, which need to be 
plugged in to a power source over night in order to charge 
the battery so that they can be employed. Attempts to 
apply this principle to larger oars requiring greater power 
sources have not beeen successful since it has not been 
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found possible to apply a great enough power source in 
order to charge the battery necessary to supply the elec- 
tric power for the running of the automobile without 
greatly inconveniencing the driver from a time standpoint. 
Thus, while the concept of employing electric power is 
known in the operation of automobiles, such electric power 
has not been successfully utilized in the operation of 
standard size automobiles because of the lack of a method, 
or means, to charge the batteries necessary to supply the 
electric power for the running of the automobiles. 

In accordance with the present invention, however, a 
system which charges and maintains a full charge on bat- 
teries to operate an electric motor for the running of an 
automobile has been discovered. By the use of such system 
to charge and maintain the charge on batteries, it is pos- 
sible to run a vehicle successfully on electric power with- 
out the use of a gasoline engine, thereby eliminating the 
noxious and poisonous fumes which are expelled to the 
atmosphere by the employment of a gasoline engine. The 
unique system discovered comprises the employment of 
an air scoop or vent or venturi tube which supplies air to 
a paddle wheel to run a generator or alternator which 
supplies the electric charge for the batteries necessary to 
run the electric motor-driven automobile. In a further 
embodiment, the present invention comprises the employ- 
ment of a solar cell which supplies the charge to the bat- 
tery by the employment of sunlight. In a further embodi- 
ment of the present invention, the batteries to be employed 
to drive electric motors of the automobile are charged, 
and the charge maintained by the combination of a solar 
cell obtaining energy from sunlight, and a generator or 
alternator driven by a paddle wheel in connection with a 
venturi tube through which air is drawn. The batteries 
employed are generally encased in a fender well, or recess, 
behind each wheel, each fender containing four batteries, 
two of which are in operation while the other two are be- 
ing charged. These batteries in the fender well behind each 
wheel drive an independent electric motor associated with 
each wheel of the vehicle. 

It is, therefore, a principal object of the present inven- 
tion to provide an electric motor-driven vehicle which is 
free from the inherent deficiencies of previous vehicles. 

It is a further object of the present, invention to provide 
an electric motor-driven vehicle which electric motor- 
driven vehicle eliminates the noxious and poisonous fumes 
associated with the exhaust of gasoline-driven vehicles. 

It is still a further object of the present invention to 
provide an electric motor-driven automobile in which an 
electric motor associated with each wheel of the vehicle is 
driven by batteries in series, which batteries are charged 
by the employment of an alternator, or generator, asso- 
ciated with a paddle wheel and venturi tube through 
which air is drawn. 

It is yet a further object of the present invention to 
provide an electric-driven motor automobile wherein the 
batteries which drive the electric motor associated with 
each wheel of the vehicle are charged by the use of a solar 
cell obtaining energy from sunlight. 

It is still a further object of the present invention to 
provide an electric motor driven automobile wherein the 
batteries which drive the electric motor in association with 
each wheel of the vehicle are charged by a combination 
of a solar cell obtaining its energy from sunlight, and an 
alternator, or generator, associated with a paddle wheel 
and a venturi tube through which air is drawn. 

Still further objects and advantages of the vehicle of the 
present invention will become more apparent from the fol- 
lowing more detailed description of the present invention 
and tire accompanying drawings, wherein: 

FIGURE i is a perspective view showing a vehicle of 
the present invention; 
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FIGURE 2 is a cross-sectional view of such vehicle 
showing the electric motor operating system of the present 
invention; 

FIGURE 3 is an enlarged view in cross section showing 
the battery-charging means of the present invention; 

FIGURE 4 is a further enlarged view of a generator, 
or alternator, containing a paddle wheel for the charging 
of the batteries in accordance with the present invention; 

FIGURE 5 is a cross-sectional view of a drive shaft in 
accordance with the present invention ; j 

FIGURE 6 is a view showing an electric motor drive 
mechanism for the vehicle wheel, in accordance with the 
present invention; 

FIGURE 7 is a view showing a further embodiment 
of the present invention; 

FIGURE 8 is a farther view showing such further em- 
bodiment of the present invention; 

FIGURE 9 is an enlarged view showing a solar cell and 
motor in accordance with the present invention; 

FIGURE 10 is a schematic view of a circuit employed 20 
in operating the electric motors of the present invention; 
and 

FIGURE 11 is a view illustrating an automobile con- 
trol panel employed to control the electric motors of the. 
present invention. 25 

In the various figures, like numerals represent like ele- 
ments throughout. 

In FIGURE 1 there is represented an automobile 2. As 
shown in FIGURE 2, the automobile has embodied in the 
fender, an air scoop in the form of a venturi tube 4. When 30 
the vehicle is in motion, the air rushes through the venturi 
tube or orifice 4, and impinges upon a flywheel or pad- 
dle wheel 6, which is aligned in the path of the air pass- 
ing through tlie venturi tube 4. Such flywheel or paddle 
wheel 6 is attached to an alternator or generator 8, so that g- 
the rotational movement of the flywheel 6 caused by the 
impinging air from the venturi tube or orifice 4, causes the 
alternator or generator 8 to spin, thereby producing elec- 
trical energy supplied to batteries 10 located within a re- 
cess, or well (not shown) in the fender of the vehicle! In 40 
general, four batteries, arranged in series, are employed in 
each fender of the vehicle so that while two batteries are 
being charged, the remaining two batteries can be em- 
ployed as a source of energy to operate an electric motor 
12 associated with each wheel of the vehicle 2. The elec- 45 
trie motor 12 operates to work gears 14, which gears can 
be arranged on the drive shaft of the vehicle, or can be 
directly attached to the wheel thereof. By the use of this 
system for operating an electric motor associated with 
each wheel of the vehicle, it is possible to run a vehicle 00 
such as an automobile, without the employment of gaso- 
line. This is because the air impinging the flywheel 6 at- 
tached to the alternator or generator 8 will cause the bat- 
teries 10 to be charging so that there will be a constant 
and full supply of power for running the electric motors 55 
associated with the wheels of the vehicle. Therefore it will 
not be necessary to plug in the vehicle, or use any aux- 
iliary source of power or energy for charging the batteries 
10. In order that the batteries 10 do not become over- 
charged, a valve 16 is placed in the venturi tube or orifice go 
4, as shown in FIGURE 3. This valve 16 can be auto- 
matically controlled so as to shut off the supply of air to 
the flywheel 6 and attached generator 8, thereby allowing 
the energy stored in the batteries 10 to be' utilized to op- 
erate the electric motor 12 without further charging of gg 
such batteries. The valve 16 can be automatically con- 
trolled by an electric switch (not shown) operated by the 
driver of the vehicle when an indicator (not shown) shows 
the batteries 10 to be charged to the desired level. 

FIGURE 4 illustrates how the flywheel or paddle wheel 70 
6 is attached to the alternator or generator 8, such that the 
rotational movement of the alternator or generator 8 
caused by the impinging air from the venturi tube or ori- 
fice 4 causes the generator or alternator 8 to spin, thereby 
supplying electrical energy to the batteries 10. As slated 75 
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previously, in most instances, four batteries are placed in 
a well or recess in each fender of the nultomobile so that 
while two batteries are operating by supplying electrical 
energy to drive the electric motor associated with each 
wheel of the vehicle, the remaining two batteries can be 
charging. It is not necessary that such batteries be any 
specific type of battery since any conventional battei y em- 
ployed in automobiles, boats, etc., (i.e., four-volt, six-volt, 
twelve-volt, etc.) can be employed. A particularly pre- 
ferred battery is a nickel-cadmium battery, which battery 
is capable of supplying a great deal of power without be- 
ing too great in size. 

In accordance with the present invention, it is possible 
to operate the vehicle with less than all four of the elec- 
ti ic motors operating. In other words, it is possible to have 
one, two, three or four of the electric motors in the vehicle 
operating at any one particular time. Thus, FIGURE 5 
illustrates an electric switch 20, which electric switch 
controls the operation of the motor associated with the 
drive shaft 22 and wheel of the vehicle. When it is desired 
to eliminate one electric motor, it is necessary only to 
throw such control switch on a dashboard-located control 
board. 

FIGURE 6 is an enlarged view illustrating the location 
of the motor 12 and gearing 14 associated with the wheel 
of the vehicle in accordance with the present invention. 
As shown in this figure, each wheel of the vehicle has as- 
sociated therewith a small electric motor 12, which small 
electric motor 12 operates through gears 14 to rotate the 
wheel and cause the vehicle to move. 

FIGURE 7 illustrates an alternative embodiment of 
the present invention. In such alternate embodiment of 
the present invention, the vehicle 2 is driven by a small 
electric motor 12 driving gear 14, which electric motor 
12, associated with the wheel of the vehicle, is opeiated 
by batteries 10, which batteries 10 are charged by a solar 
cell 30 located in the fender of the vehicle. This solar 
cell 30 can be any of the conventional cells which convert 
solar energy into electrical energy. Exemplary of such 
materials are the group of solar cells known as photo- 
voltaic cells. Tire electrical energy produced by the solar 
cell 30 is employed to charge the batteries 10 in a recess, 
or well, located in the fender of the vehicle. Again, it is 
advantageous to employ four batteries so that the two 
can be charging while the other two are employed to 
operate the electric motor 12 associated with each wheel 
of the vehicle. 

FIGURE 8 is a further representation of this alternate 
embodiment of the present invention showing the rela- 
tionship of the solar cell 30, the batteries 10, and the elec- 
tric motor 12. The solar cell 30 and the electric motor 12 
are shown in a further enlarged view, FIGURE 9. 

While these embodiments have been described primarily 
in the alternative, it is important to note that they can he 
employed alternatively as a source of electric power for 
the vehicle, or can be employed together so as to provide 
reserve power for the automobile. In other words, by the 
conjoint use of these two systems for charging batteries to 
drive the electric motor associated with the wheel of the 
vehicle, it is possible to prevent a shortage of power that 
may be present because of an unexpected failure of either 
of the systems. An electrical circuit showing the conjoint, 
or alternative, use of these two systems for the charging 
of the batteries to supply the electric power for the auto- 
mobile is shown in FIGURE 10. 

In addition to the alternative, or conjoint, employment 
of these two systems for charging the batteries of the 
present invention, it is possible to employ one or both of 
these systems in conjunction with a conventional gasoline 
engine. In other words, it is possible to employ, in addi- 
tion to one or more of these systems for the operation of 
an automobile or oilier vehicle, a conventional gasoline 
engine which can be put into operation in case of an 
electrical failure. Moreover, the systems of the present 
invention can be employed as a back-up system for a con- 
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ventional gasoline engine, which electrical systems can 
be made operational in case of a failure in the gasoline 
engine of the vehicle. Because of the great health hazard 
associated with the employment of a gasoline engine and 
the associated noxious and poisonous fumes given off to r 
the atmosphere, it is, of course, preferred to employ the 0 
electrical system for operating the automobile as the prin- 
cipal system of operation of the automobile, with the 
gasoline system employed only as a back-up system, or 
auxiliary system, for use in case of an unexpected failure 
in the electrical operation of the automobile. Because of 
the fewer working parts, i.e., fan belts, pistons, etc., how- 
ever, associated with the electrical operation of the auto- 
mobile failure of such electrical operation will occur 
much less frequently than occurs by the use of a conven- lg 
tional gasoline engine in the operation of a vehicle. The 
employment of a solar cell as a source of energy for the 
charging of batteries is an additional factor which tends 
to prevent loss of electrical power when the automobile 
remains for a substantial length of time without being 20 
driven. The use of a gasoline engine will necessitate use 
of conventional gearing connections including drive shaft 
means, clutch, differential gear means for a wheel or 
wheels of the vehicle. 

When great speeds are desired, it may be advantageous 2g 
to employ a combination of gasoline power and electrical 
power so as to prevent a substantial drain on the electrical 
system of the automobile. Even when the vehicle is operat- 
ing on gasoline power alone, which may be desired in 
some instances, it is important to note that the batteries 30 
are being constantly charged so as to always maintain a 
full supply of power for immediate operation of the ve- 
hicle by the electrical system. Since these batteries are 
therefore fully charged at all times, there is no problem 
starting the automobile after it has not been used for a 35 
substantial period of time. 

FIGURE 1 1 illustrates a typical control panel 32, which 
can be employed on a dashboard of a vehicle driven by 
electric power in accordance with the present invention. 
Such control panel can operate to disengage one or more 40 
of the electric motors of the vehicle when such are not 
necessary for operation. Thus, when the vehicle is being 
driven in city traffic at a relatively slow speed, it may not 
be necessary to operate on not more than one or two 
of the four electric motors, and thus the life of the elec- 
tric motors can be greatly increased. This similarly in- 45 
creases the life of the batteries. 

While the systems of the present invention have been 
described primarily with respect to automobiles, it should 
be understood that other land vehicles, e.g., buses, etc., 
can be similarly equipped with the electric power systems 39 
of the present invention. Furthermore, the nature of the 
present invention is such that air and sea vehicles can be 
similarly equipped. 

Moreover, while the present invention has been pri- 
marily described by reference to an electric powered ve- 55 
hide wherein each wheel thereof has an electric motor as- 
sociated therewith, the electrical power system of the pres- 
ent invention can be similarly utilized in a vehicle con- 
taining only one, two, or three electric motors. For exam- 
ple, a single electric motor associated with the drive shaft 00 
of the vehicle can be advantageously powered by the 
electrical power generating systems of the present inven- 
tion. Thus, a single electric motor can be powered by 
batteries arranged in series which batteries are charged by 
a combination of venturi tube and alternator or generator 05 
and attached paddle wheel, a solar cell, or a combination 
of such systems. 

Accordingly, while the present invention has been di- 
rected primarily to certain preferred embodiments, it is 
to be understood that the present invention is in no way 70 
to be deemed as limited thereto, but should be construed 
as broadly as all or any equivalents thereof. 

Flaving adequately described my invention, what is de- 
sired to be protected by Letters Patent is: 

1. In an electric motor-driven vehicle wherein each 75 
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wheel of the vehicle is provided with at least one electric 
motor to supply power for said vehicle, the improve- 
ment which comprises an individual system associated with 
each electric motor to supply electric power thereto com- 
prising batteries charged by electric power generating 
means, a paddle wiieel element attached thereto, and a 
venturi tube formed in the body of said vehicle, said 
venturi tube and paddle wheel element being so aligned 
that air through said orifice impinges upon said paddle 
wheel element to rotate same and operate said power gen- 
erating means, a separate control for each said motor for 
independently operating each individual motor, and means 
for shutting off the air flow through each venturi tube. 

2. The electric motor-driven vehicle of claim 1 wherein 
said vehicle further contains a conventional gasoline 
driven engine for auxiliary power which engine is con- 
nected by drive shaft means to at least one wheel of the 
vehicle. 

3. In an electric motor driven vehicle wherein each 
wheel of the vehicle is provided with at least one electric 
motor to supply power for said vehicle, the improvement 
which comprises an individual system associated with each 
electric motor to supply electric power thereto comprising 
batteries arranged in series, said batteries charged by elec- 
tric energy supplied by solar cells placed in the body of 
said vehicle and by electric power generating means, a 
paddle wheel element attached thereto, and a venturi tube 
formed in the body of said vehicle, said venturi tube and 
paddle wheel wheel being so aligned that air through said 
tube impinges upon said paddle wheel element to rotate 
same and operate said electric power generating means, 
and wherein each motor of said vehicle further has a motor 
control for independently operating the individual electric 
motors associated with each wheel of said vehicle. 

4. Electric motor driven vehicle of claim 3 wherein said 
vehicle further contains a conventional gasoline driven 
engine for auxiliary power which engine is connected by 
drive shaft means to at least one wheel of the vehicle. 

5. In an electric motor-driven vehicle wherein each 
wheel of the vehicle is provided with at least one electric 
motor to supply power for said vehicle, the improvement 
which comprises an individual system associated with each 
electric motor (0 supply electric power thereto, comprising 
batteries arranged in series, said batteries charged by 
electric energy supplied by one or several of a plurality 
of sources including solar cells, an alternator, and a gen- 
erator selectively adapted to be arranged in series with said 
battery and with each other and placed in the body of said 
vehicle, wherein each said motor is provided with a sepa- 
rate control for independently operating each said motor. 

6. The electric motor-driven vehicle of claim 5 wherein 
said vehicle further contains a conventional gasoline driven 
engine for auxiliary power which engine is connected by 
drive shaft means to at least one wheel of the vehicle. 
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(54) Air powered electrical vehicle 

(57) The invention is a method of 
producing electrical power in situ for 
..use in the propelling of a moving 
vehicle through an air passage. This is 
achieved by streamlining the air of the 
air passage, then channelling the air 
through into a small cross-sectional 
area, by appropriate design of the 
vehicle, so that the air is accelerated 
to a relatively high velocity, 
substantially Increased over that of 
the moving vehicle. The forward 
kinetic energy of the air stream is 
therefore increased in accordance 
with Bernoulli's theorem and is 
therefore capable of producing 
sufficient energy lo not oniy overcome 
the air resistance of the vehicle but 


also most of the other drains on the 
power consumption of the vehicle, 
such as frictional forces. 

The kinetic energy of the air stream 
so induced is harnessed by placing an 
air turbine system in the path of the air 
stream, in an optimised position 
towards the rear of the vehicle. A 
generator is connected to the air 
turbine and the electric energy 
produced is fed to an electric motor, 
wnich propels the vehicle. Tins 
electrical energy could either be feci 
directly to the motor or first be 
transferred to a battery storage 
system. Whilst there are a number of 
air turbine systems that could be 
employed with this invention a spe^a 
dual turbine arrangement is described 
in the request specification. 
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35 3 The idea and some of the principles upon which the idea is based 35 

3.1 The idea 

The idea is a method to provide power for the propulsion of a road vehicle. The same principle 
. could probably also be extended to include other forms of transport — for example, trains. However this 
report deals solely with the principle as applied to a road vehicle. 

4C Essentially the idea is to induce a high level of kinetic energy of motion into the localised air 40 

through which a vehicle is travelling and convert this kinetic energy by means of an air turbine into 
electrical energy, which would then be used to power die vehicle. 


3.2 The principles involved 

Air primarily comprises a mixture of gases, i e. 79% Nitiogon. 20% Oxygon, 1 % Carbon d'oxide 
45 and two other important constituents water and dust particles. These latter two components provide 45 
sources for the storage of solar energy within our atmospnere, and approximately 1 9% of all the sun c 
energy which is transmitted to Earth is contained •vithm the air surrounding the Planet. This solar 
energy gives rise to the kinetic energy of motion of the winds and waves, both of which can be 
harnessed to give wind and wave power. The atmospheric solar energy is also important in the 
50 hydrological cycle which gives rise to the gravitational energy of rivers, from which hydroelectric, tv is go 
produced. 

Air has a number of important properties and ’he idea ! s primarily dependent upon tom m these 
as follows: 

1 ! Air is structured in layers which enables it to have excellent shear ■od flow prone” -ts 
55 2) On being caused to flow by some means or other air has , imparted to it Kinetic energe of 55 

motion. In the case of a natimal wind this how is Prong'd about bv high and i ow pmmsure 
regions in the atmosphere which cause die air to flow mem the high to the low ptessams 
ton’s. Thus, the solar energy which went nto the creati”" of these high and low pressu'*’ 
regions is converted into the kinetic energy of mijtion oi vino 
3’ A reiativelv high velocity air stream undergoes very bth impression wmj'i ..i.i - •- 1 ,-.: by , 6 ‘5 

restriction to flow, or i vertical pid’o it ncht 'ingles tc direction >r flow hrhr ■■ • nmr 


50 



108 


i.m; a 


in order to compensate for a reduced f'ow space, there is a ptopomonal increase a- die 
velocity of an air stream flowing through the mduoec.i region 
4) The sum of the dynamic pressure of an air stream as. it s haute, energy at motion am! Tea- 
static local pressure of the ait are a constant, m accordance with Bernoulli's egm.ti -m 
5 These four properties arr; ail niter i hated and dm me, a base. I amui d th"ma '/Vhen a a. a r:,,v‘,it. 

forward through air it has somehow to forge a path livopi the .or a • • i r he displaced an passes at mini 
the car on all sides. 

Consider two cases, as follows: 

Car A — a car with a vertical front 
10 Figure 1 

A — Air passage associated with the Car 
B — Large amount of turbulence in the wake of the car 

Car B — a highly streamlined car 
Figure 2 

1 5 A — Air passage associated with the car 

B — Little turbulence in the wake of the car and layered structuring Is reconstituted ramv rapidly 
In the case of Car A a large amount of the now e r being placed into tne car will be expended in 
pushing aside the air and forging a pathway fur it. seif. With rhe streamlined cur, or, me other nano ,, 
comparatively small amount of the input erv'rq, ,s expended In forging a pathway throu g 1 we an 

20 Therefore, for this latter car to travel at the same veluctv as Car A. a much less ’nput ot energy 

would be required, given that fjiey were 0 f simiiat weights and had the same level of fnciimw: ‘on w. w 
overcome. 

When Car A impacts into the an , as illustrated a large proportion or th.- cm s own kinetic energy 
of motion is transferred to the air. anti energy is expended in this manner As a result, a high degiey.ot 
25 air turbulence takes place around the car arid at its rear, which creates drag forces on the cai With Car 
B a totally different effect takes place with respect to the air passage associated with the car. Here the 
car still has to forge a pathway for itself through, the air passage, but, because of it s pointefldtront and 
streamlined body, it is an action to cleave the iayemd air and slip between the separated layers, 
pushing them apart, as the wedged shaped body passes through, with the creation of little air 
30 turbulence. Hence, compared with Car A, this car expends very littel energy in overcoming the 

resistance to forward motion presented to it by the air passage. Furthermore, as a result of tins method 
of passing through the air passage the air which is displaced by the volume of the car is caused to 
accelerate as it passes over the surfaces of the car body. This acceleration occurs because air does not 
compress at these velocities, but instead it accelerates around the car, thereby compensating for the 
35 *oss in space in the air passage due to the volume of the car. The greater the volume of the displaced 
air, the more will be the acceleration of this air as it passes over the car body. 

At the front of the car the air will have an effective air windspeed, in relation to the car equal to 
the speed of the car, assuming the air passage to be comprised of still air. The velocity attained by the 
displaced air, in relation to the car, as it streams over the body of the car, will be something over and 
40 aoove this frontal relative air speed. The final air velocity achieved by this acceleration will depend on 
me efficiency with which the car's shape can cleave and streamline the air layers: tfie amount of the 
wspiaced air; the nature of the streamlining, i.e. whether the an streams are caused tc undewn 
I'wcentmtion. If this latter is the case then I igher veil •• sties will result 

As with a natural wind, the streamline _ •• as created in the abov e manner, will have a wwn, 

45 energy of motion. This kinetic energy is prop- • sons! to the square of the velocity of the air stream 
Thus, because of this squared relationship, rt e is substanthalfeneigv advantage to be yaireo hv 
concentrating the air streams and increasing; neir velocity irv this way. 

Thus, the basis of the idea is to produce a car with low ait resistance, which induces a ” qn 
degree of streamlining and has a fairly high displacement capacity, concentrate the air stre ns an,. ! 

50 then harness the kinetic energy of motion of tins relatively high velocity an stream In ordei tc to mis. 
an air turbine would be placed at right angles to the .m stream a! the point ot highest an v esc mv .mo 
the kinetic ei rerqy of motion of the ,u r stream then cenv erted, into “ie:gji( al energy. This vc . r then ts- 
stored in batteries, winch ,n rum would provide the power m propel dm c e ov means of an ■- •vtiic 
motor, 

55 The positioning an design re me n ipme sv s ‘ m •vn.-'d : • .won m v ■ ,v Ji't , isei! w.e.- ot -a 

overall effect on me resistance ro forward mono n of me oar me . . ■ is unpeg tm -am. ,it 

the normal drag mrces T hat are asoocaTee with a aoev .ciocii o . i r rou :w , educed ov ;he 
.ocorpcration of this tarbine rgi.-ni 

The follow, no i 1 1 ; , g * r g r , ■ s .we n;e n ped to o. wmwat . a , 1 a mow son- . ‘ ‘Is- pewits cv 1 ' ' we - 
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The relationship between the velocity and local pressure is given by the Bernoulli's Equation- 
P a \py 2 ^Constant 

The expression \fN i is the dynamic pressure of the air and quantifies its kinetic energy ol motion 
The highest velocity occurs at point B, i.e. in the narrowed section of the flow tube. Therefore in 
5 this region its dynamic pressure, or kinetic energy of motion, is at its highest. Accompanying 'Ins 
increase in dynamic pressure is a corresponding decrease in local pressure, viz, 

Figure 8 

Points A, B and C as on Figure 7. 

a — Maximum dynamic pressure acting in the forward plane. 

10 b — Minimum local pressure acting at right angles to forward plane. 

At point C the air velocity is beginning to slow down as the tube broadens, resulting in a lowering 
of dynamic pressure and a corresponding increase in local pressure. 

The sum of the dynamic pressure and the local pressure at all points-— A, B and C — is always 
equal to the same constant, in accordance with the Bernoulli's Equation. 

1 5 Bernoulli's principles as applied to aircraft flight 

Inducing air flow and pressure differences in compliance with the Bernoulli's Equation is on® of 
the main principles involved in aircraft flight. 

Considering the profile of an aircraft wing as it travels through the air. viz. 

Figure 9 

20 A — At this point below the wing a decrease in the velocity of air flow takes place, resulting in a 20 

decrease in dynamic pressure but a corresponding increase in local pressure. 

B — At this point above the wing an incrase in the air flow velocity occurs causing an increase in 
dynamic pressure and a corresponding decrease in local pressure. 

The splitting of the air layers in this way is known as streamlining the air. 

25 Flying an aircraft makes use of the fact that a low local pressure is created above the wing and a 25 

relatively high local pressure is created below the wing. Thus, a lifting force acts upon the wing, witfi 
'suction pressure' acting on the upper side of the wing and 'push pressure' acting on the underside of the 
wing. 

Another important effect in the streamlining of the air is that a boundary layer of air is formed on the 
30 surface of the streamlining object that is travelling through the air, forming a stationary skin of air on 30 

the surface of the object. This acts as a boundary between the object and moving air flow. As the air 
layers get further away from the surface of-the object, then their velocities increase. As long as this 
surface skin of air remains intact then there are virtually no drag froces holding back the wing. 

However, if the surface layer of air breaks away from the wing, which it can easily do if the angle of 
35 attack is not correct, then drag forces are created. 35 

The problem with aircraft flight is to optimise the angle of attack to give maximum lift forces and 
minimum drag forces. This is a very critical and sensitive angle and it is of the order of 4° inclination in 
relation to the horizontal plane. 

Although there is this stationary skin of air on the surface of the object, the full air velocity is 
40 reached not too far off the surface of the object, i.e. within a fraction of an inch. 40 

In aircraft flight little use is made of the kinetic energy of motion that is created by the increased 
velocity of air flow, i.e. of the dynamic air pressure created by the wings. However, bv considedng air 
flight, It is easy to see the potential energy that is contained in the kinetic energy of motion, since this 
pressure energy increases by an amount effectively equal to the lifting capacity of the lowered Iccui 
-15 pressure, in accordance with the Bernoulli's Equation. 45 

The kinetic energy of motion of the air stream can potentially ail be converted into press. ue 
energy on striking a vertical plate placed in the path of the air stream. The total force acting .-non me 
plate is equal to x area of the plate. Therefore this represents a potential source of ener,;\ and can 
oe harnessed by placing a turbine in the path of the air stream and converting the rotatory m.won at 
50 'he turbine into electrical energy by means of an electrical generator, in a similar manner to .vind 55 

electrical generation. 

This, therefore, is the energy source on which the idea depends, as discussed in Sermon j. 

At first sight, because there is no apparent external addition of energy (hopefully! sucn a method 
of propulsion may appear to be the allusive perpetual motion that Man has striven to achieve indeed 
55 in the original concept of perpetual motion this type of propulsion may in fact meet all the necessary 55 
criteria used for the definition of perpetual motion. However there is, of course a verv deTmm source 
of energy, this being the kinetic energy of me air streams passing over the car body 'notices m. the 
nape and speed of the car. This can be regarded as the Pommy Energy Source. The eijj use energv s 
.be electrical energy which is produced from the kinetic energy, a process which is mimed out mi tlw 
• -cot 'vnilst the vehicle is travelling forward, and indeed a process which is dopemient upon -"e s 

rv/md motion of the car. The functional energv es the amount of r-'ectrioa 1 energy ucmam mm; In 
we;: .■ "eg the vehicle. 

;s wnat n fact s Wmomm'd cumin the enemy lO/c'e is s maccw.m to a n oe , ' o n 
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To put it another way, the functional energy is used roughly in the proportion of 50:50, for 
overcoming air resistance: other energy usages, air resistance being the main factor in the 20 - fraction 

above. 

As can be seen from this breakdown, the petrol engine is a very inefficient system for propulsion 
5 with 65% of the end use input energy being wasted as unusable hear energy. In the car being proposed 
this is obviously not the case and there is little wastage of energy due to heat. 

However, this car has to overcome similar forces to the conventional car, and therefore one might 
expect 50% of the input energy to be used up in overcoming the air resistance to forward motion and 
50% for the other power requirements, the same as for a conventional car's functional energy usage. 

1 0 Just to consider the energy being produced by the turbine car in relation to the energy being 

consumed by the car — Like other cars, maximum energy consumption will occur during acceleration or 
when climbing a steep gradient, whilst at a cruising speed, or going down an incline, energy 
consumption would be substantially lower. Under these latter two conditions the acquired momentum 
energy of the vehicle would contribute enormously to the maintenance of speed. Thus, power 
1 5 consumption may be say 50 HP during acceleration or when climbing, and only about 20 HP when 
going down a hill. 

The energy being produced by the air turbine, on the other hand would he occurring in the 
opposite manner. Peak production would take place during cruising speeds This would take advantage 
of the acquired momentum energy of the vehicle, whilst the energy which is produced going down a 
20 hill can in a way be regarded as bonus gravitational energy being placed into trio energy piodurt.on 
system via conversion into momentum energy of the car. Thus, one of the principles of the idea w mat 
the excess energy that would be produced at cruising spec-os would be stored in butteries tor use 
during say acceieration when energy consumption would probably be more than the system was 
producing. The overall effect would become equalised over the full length of a journey This -.mm. * •.■> 

25 dealt with further in Section 6, in relation to the results of the calculations, 

A point that can be appreciated at this stage, however, is that the weight is an important factor 
not only in relation to the power requirements needed to overcome the gravitational pull on the car, 
this being of a negative nature, but also on the positive side of the energy balance in relation to the 
momentum energy attainable by the car.. 

30 Therefore, occupants of the car become an integral part of trie energy cyclic contributing to me 

over-supply of energy during cruising, and contributing to the over usage of energy during say an 
acceleration move. Hopefully, over the full length of the journey these will cancel each other out and 
the occupants will have travelled on their journey for free in terms of energy usage. 

An important factor in the system being proposed is the efficiency with which the kinetic eemg v 
35 of a high velocity stream of air can be transferred and transformed into a turbine rotation. 

The kinetic energy of arty moving body is represented by the following equation: 

E j mV 2 , 


as derived by Newton 

where m=mass, and V --velocity 

40 in the system that we are considering, the mass, m In the above equation has been : cook mi by 

p, the density of air, and thus we obtain the dynamic pressum half of the Bernoulli's equation cc 


KE '/AA 


45 


3 


This represents the dynamic pressure tor the kmeti- mergy! of the moving an stream pm , c 

area. 

Therefore, the total pressure force due to the air sti -• acting upon the impellers of ••-<? *.mmne 
will be equal to: |/jV 2 , multiplied by the cross- sectional a f the impact zone 

On impact, several things can happen to the kinetic tv contained within the air stream ,c%i. 

not all of it will be converted into electru.ai eneruv The I. 4 Newton tell us that the totai sum m me 

c lerg-es after a collision are equal to the sum of trie com , ..before the collision. On i input : at v;e 
extreme, and in the ideal case, all the air moiecuies will mi « totai iy to rest and transfer ah o' m-m 
■. netic energy to the impellers of tiie turbine where it Won all be converted into rotato. / enure.'. -'an 
Go derived from the Laws of Newton tnat me sum of the s. ires of the velocities before a . c-c.s.on is 

oral to the sum of the squares of the m-m ..-mm sfi-i ,t < •- m n compliance wtl- ihn iae-- ' 

conservation of energy. 

Thus, if the collision was totally at -met 1 : m.-r; impvii.es vl 'm lurrmi. i-oo.l me i 

notation energy enuivalent to The energ-, o me m sumim e wcordum e ,v no m, ; .. oea: , :e-e :p 
•nd the air stream would maintain veioetv 

However, ail of the kinetic energy -,r mom.-" -A - - sdmnr .vd no: ,o , aw eim! e :. ; ■ ■ • C 

meoretical rotation veioertv. 
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intermediary steps in going from primary to functional energy, with the benefits of economy and 
efficiency ensuing. 

Considering similar diagrams to those given in the previous section, as follows: 

Figure 1 0 

5 A — The car's air passage. 5 

B — A car with a vertical front, travelling forward through it's air passage. 

Here the kinetic energy of motion of the car is used up in pushing aside the air molecules and 
energy passes from the vehicle to the air, in accordance with Newton's Laws concerning conservation 
of energy. 

1 0 Figure 11 10 

A — Low pressure boundary layer on the surface of the car. 

B — High forward dynamic pressure of the air stream flow over th6 car. 

C — Air Turbine Electrical Generation System. 

D — Emission of used air, effective in lowering the rear drag forces. 

1 5 E — Electrical Energy. 1 5 

F-— Electrical Propulsion. 

In the case of the car, its streamlining has caused the air to split into two separate components, in 
accordance with the Bernoulli's Equation: P + j p\’ z -Constant. These are: 

(a) A low local pressure, P in the above equation, on the surfaces of the car over which the air is 
20 streaming, enabling the car to travel much more freely through the air, and without the need 20 

to expend large amounts of energy in pushing the air. 

(tu A corresponding high dynamic pressure streaming over the car towards the air turbine, 
represented by \ /rV ' in the above equation, the energy ot which is then converted into 
electrical energy to be used for further propulsion of the vehicle. 

25 Thus, with the streamlined car, less energy is expended in passing through the air in comparison 25 

to the first car, and the air which would have caused this energy to be expended, instead, is caused tp 
give energy to the vehicle for its propulsion. This air then goes on to reduce rear drag forces in 
comparision with the previous car. 

Thus, in the case of the streamlined car, there is an overall threefold improvement in the energy 
30 input, output balance in relation to the first car. 30 

An important aspect of this proi ess is the effectiveness with which drag forces can be minimised, 
not only due to the body of the car, but also due to the turbine system. This is dealt with in various 
places follou ing. 

The power required to propel a car forward has to overcome several drains on that power, as 
35 follows: 35 


1 ) The air resistance of the vehicle, i.e. the energy which is expended in forging a pathway 
through the air passage, and this — the air resistance of a vehicle — is comprised of two main 
components: 

(a) Form drag 

40 This is the energy required to move aside the air molecules through which the car is travelling, 40 

due to the form of the car, i.e. due to its shape and size: 


(b) Frictional drag 

This is the energy required to overcome ear body surface to air frictional forces. The smoother the 
surface, the lower the frictional drag 

45 2) The mechanical frictional forces 45 

It is worth commenting here that the mechanical frictional forces of the turbine generating 
system In the car being proposed are separate from the mechanical drive frictional forces when me 
electric motor propulsion system has to overcome. 

3) Tyre to road frictional forces 

50 Havinc: cut sufficient energy into the proDulsion system -q overcome the above forces, then 30 

whatever er my is remaining is available for acceleration of • 3 car to the desired speed and then for 
maintainino at speed. In a car powered by petrol the breakdown of the input end use energy is 

approxima: a.s fellows for a normal saloon c;v. 

:"utai -.no use energy 
5 5 

Functional .rfem , ;■/ 


6 5" ■ - wasted heat energy 
/' 2Cc — used In overcoming air resistance aria 
I frictional forces 


mechanical 55 


.sod for overcoming tvre to roar: 

ii tI maintaining spend 


-mtion 


112 


7 


GB 2 126 963 A 


7 


tie the principle factor here which will place a rest! amt on rotation, and then there are the mechanical 
fruition forces of the system to overcome. 

Secondly some of the energy on impact will probably be converted into heat energy. 

Thirdly not all the ai r molecules in the an stream will pass on their kinetic energy of motion at the 
5 turbine impeller interface. For reasons discussed later it is proposed that a dual turbine system is used, 5 

having a primary and secondary turbine in the path of the air stream. Just one of the benefits of this 
system could lie that energy not captures at the primary stage would have a second chance of being 
passed on at the secondary turbine stage. 

Another important factor upon which the success of the car will depend is the level to which the 

1 0 air stream can firstly be accelerated to, and then maintained, by the shape and streamlined nature of i q 

the car body 

Among other things this is dealt with fully in the next section, but a principle feature is the 
application of sectional forces at the exit to the turbine system, some of which are an inherent feature 
'Jof any cai and others which are created through special design features. 

15 5 Design features 15 

General arrangement diagrams of the design discussed in this section are given in the final section 
of this report- -Section 7 

5.1 Car body design 

5.1.1 General considerations 

70 The design o f the n:: r bodv is obviously prnoahiy the most important single aspect of this idea, 20 

since the whole success 1 r the idea depends on now well one is able to streamline the air and induce 
and sustain an increased levet of ".meric energy of motion into the air stream purely by means of the 
body design. 

The basis of the problem is to create a shape which causes a maximised displacement of air, with 

2 5 a minimised level of drag forces acting negatively upon the car, whilst channeling, accelerating and 25 

concentrating as much of the displaced air as possible into one small region where its kinetic energy 
can be harnessed again with as little effect on negative drag as possible. Drag is the resistance 
presented by the air to the forward movement of a vehicle moving through it and in general this is the 
summation of two components: 

30 (i) Form drag the energy expended in pushing the air on one side; 30 

(li) Friction drag the resistance created between the car body ami the layers of air moving over 
the body, (previously discussed in Section 4, page 22). 

Since this method of propulsion wili depend on maximum use being made of air streamlining 
designs form 'hag will be at its minimum limit and friction drag will perhaps be a more important 

3 b consideration of these two components. The friction drag will be proportional to the amount of car 35 

body surface area that the air is adjacent to. The more the air displacement, the more the surface area 
and the more the potential for frictional drag forces. On the one hand, air displacement is required, on 
:!ie othei hand, frictional drag forces want to be minimised. 

Much can he done to lower frictional drag by attention to car body surface finish, and this is dealt 
...7 ith more fully w Section 5, in the discussion on materials. There it is suggested that High Impact 40 

resistance glass odd be an ideal material to nelp to overcome frictional drag. This material has an 
extremely hie' • w of surface smoothness, and its ability to maintain an intact boundary layer of air 
wornd be very • ... Jaintenance of the boundary layer is the main factor in overcoming frictional drag, 
won of the ferric- r e enfold improvements possible if the boundary layer can be kept totally intact. It is 

4 5 ike creating a star mary fine cushion of air on the surface of the car body and in this way separating 45 

me surface from th adjacent moving layers of air. 

it is of intern: • to make the point here that one way of demonstrating a truly elastic coilison (a 
list. ussed In Sectir a 4i is to overcome the frictional forces involved by placing the objects on a 
wstiftg, ■ of air. Tin. rherehire gives one an appreciation of how effective a cushion of air is In 
50 ow om/ng frictim a foices with air to solid forces Decoming negligible in respect of friction. 50 

In desiqniru e body of this oar, in order to separate, streamline and accelerate the air ! ayers. 
there are severa. oTtant effects to be aware of 

fa) The tear drop ape 

This is me e wham icons m avers of aft mafpest with the minimum of resistance oy the air, 

55 r - ■ an onw" n# .v wienie vemme o' .-iismjoed air. in otner words it is the optimum shape nor 5c 

- icw-Oi -.mu m» mm or with the minimum amount or air drag. The shape has a length to breadth ratio 
o T too;-! 3 I ■* stmamiavnq effect is as c'ustrated on Figure 12. 

Figure -2 

A ■ f- o r-v . i • ; i . ?" ' i ) v ; .c m ■ - $ n : i p p < : \ ^ r ■ < r q n 5 n p e d . o biect. 

B i\.ir r-i r- V "d • Vi B' Sir . Mill l::v ; .it 1 60 
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Such a shape can have a drag coefficient as low as 0.05 compared with about 0.5 for a normal 
car shape. 

(b) The Venturi effect 

This has previously been discussed in Section 4. 

5 It is a shape whicli was originally designed in order to cause an acceleration of air through a tube, 5 

principally in order to make use of the localised low pressure for the suction of some other substance 
into the tube. For this purpose its shape is extremely critical for creating the correct level of low 
pressure. This shape is as shown on Figure 7, given in Section 4. 

As described fully in Section 4, the relationship between the velocity and local pressure is given 
10 by the Bernoulli's equation: 10 


P + yfjV 2 =Constant 

Just to summarise the effects taking place as the air passes through the Venturi tube — 

A — Velocity increasing — -dynamic pressure increasing, i.e., J//V 2 ; local pressure decreasing, i.e., 

P- 

1 5 B — High speed velocity — high dynamic pressure: low local pressure. 1 5 

C — Velocity decreasing, dynamic pressure decreasing, local pressure increasing. 

The term Venturi Effect' has now been extended to describe almost any set of conditions where 
an acceleration of air and a lowering of local pressure is brought about in air by shapes similar to that of 
the Venturi tube. 

20 In this respect it is interesting to make the comparison that the Venturi tube's cross sectional 20 

shape is very similar to that of the cross-section of two adjacent, opposite halves of a tear droo shape, 
with air passing between them. In recent years it has become a commonly used term to describe the 
effect due to shapes beneath a car which give rise to lowering of pressure through air acceleration. 

This effect is illustrated on Figure 1 3. 

25 Figure 13 25 

A — Nose of car travelling forward. 

B — Air passage. 

C — Road surface. 

D — Venturi effect occurring in the narrow section between the road surface and base of nose, 

30 creating an acceleration of the air flow and a lowering of local pressure, which helps in its 30 

road holding. 

(c) Lift and drag effects 

These effects have been described to some extent in Section 4 in relation to a wing profile. 

One of the more important aspects in relation to a car body is to try to create shapes which will 
35 keep the boundary layer intact, thereby cutting down drag forces. 35 

Figure 1 4 illustrates the breaking away of a boundary layer on a typical shape, resulting in the 
creation of form drag forces. 

C — Transition point. 

D- — Tnicker turbulent layer, creating negative drag forces acting upon the surface towards the 
40 rear. 40 

There are a number of problem areas on a car where form drag can be created and 1 5, a fair iy 
streamlined car, highlights these regions: 

This illustration shows a vehicle moving forward through air, separating and displacing aii 
resulting in an acceleration of the air stream over the surface of the car body. 

45 At the front of the car, in region A separation of the air layers has not taken place too smooths. 45 

and a turbulent region is created, giving a higher resistance to forward motion. With a sharper from, a 
smoother separation would have taken place and the form drag m this region would have been 
^educed. 

At B, in the windscreen region, the boundary layer has sep ated from the body, and a "urpuient 
50 region is again created, causing another zone of increased air re:, stance. 50 

At C, the boundary layer again breaks awav from the surface, out unlike the previous regions A 
and B, which are both areas of increased pressure pushing on the car this is a r eyion where ’he 
pressure is iower in comparison resulting in a holding back force acting on the car. 

D indicates drag froces due to the wheels and the shape of the -underside of the car vvwch tend • . 

55 act to hold down the cor. 5 ; 

The regions such as E. where the nounriarv has remained intact have the least resistace to 
forward movement, and here the increase ;n air ve'ocitv is approaching I rs highest level. A :c: -on f w 
also created due to the local low pressure of the boundai v layer . 

This lift force can be a serious disadv antaue since it tends to i:ft the we olt the road aco thw-uc 
SC impair roar! heading and create instaDilitv 

Th 8 ! ci 1 9 s t c j 9 s ! a n s o t c 3 r s w h ion r 3 r rv 1 ■ 1 c r r ? j n n \ 0 v 0 1 ( v..v c\ \ 3 i ■ n m t ‘ ■ n ' ( h n t i -; t r r n-i . r : ; 1 r h* 3 »« • i = r,-( ; 
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have to try to optimise between lift and drag forces. Drag forces can be put to good use by causing 
them to act on the underside of the car. as described earlier. Thus these can counteract lift forces on 
the upper surfaces and give better road holding. 

Another way to counteract lift effect is bv an appropriate distribution of weight. In a conventional 
5 car this can sometimes prove a little difficult, since the internal components of the car have, more often 5 
than not to be in a predetermined position The car mat i am proposing is more versatile in this 
respect since its heaviest component, the batteiy storage system, can be split up and distributed 
around the car in the best positions to counteract legions of increased lift forces, all connected by 
appropriate wiring 

10 5.1 .2 Suggested designs 10 

Arriving at the best car body design for the car being proposed is something which will ultimately 
have to be determined through trial and error experimentation, and for this, initial experiments with 
models in a wind tunnel would probably be advantageous from the point of view of keeping down 
development i.osts 

1 5 At this stage it is a guestion of applying oneself to the problem theoretically, bearing in mind all 1 5 

the various effects known to be possible from past experience. My initial designs did not particulary set 
out to make good use of the suctiona! crag forces at the rear of the vehicle, although even in those early 
designs these drag forces would have helped quite considerably. 

As previously mentioned, some of these earlier designs are included in the Drawing Section, and 
20 these are Designs 4-- • 9. 20 

The inter designs tor me car. Designs 1 2 and 3 attempt to make maximum use of the possibie 
suctions! forces heat can he created at the rose 

m addition to thus development, the ttonfai design and approaches to the turbine unit have also 
been developed further, and i intend to first explain diese aspects in relation to Designs, 1, 2 and 3. 

25 (a) Frontal design 25 

Obviously the turbine system one chooses will have a large bearing on the body design, and 
aqaui experimentation will uliimateiy be necessary to determine the best turbine design and system for 
the car I explain more tully possible turbine systems in tire next section (5,2). However, for the car 
design being pioposed at this stage i have chosen a dual turbine system, comprising a primary and 
30 secondary unit which are interconnected. In Design 3, both of these are Radial Flow turbines as 3 c 

illustrated in the* drawing. 

Designs 1 and 7 on the other hand employ Axial Flow Turbines. These systems are fully 
explained in the «e*t section dealing with turbines. 

Considering Design 3, the frontal design of the ar has first to achieve separation of the air layers 
3 5 as smoothly as possibie, then cause the displaced air to flow unimpeded over the surface of the vehicle, 35 
during! v men concentration and acceleration of the air streams has to take place, with the car body 
itself having as little resistance to forward motion as possible. 

Thus for the basic body shape I have used the upper half of a tear drop shape with a length to 
breadth ratio ot approximately 2 : 1 for tire full tear shape. 

40 At. the tear drop's bioadest point I have then created a Venturi shaped entry into the final air 40 

stream tunnel leading up to the turbines, in conjunction with an upper Unit, as illustrated. 

I Ire idea behind this design is to create an entry into the air stream tunnei, which theoretically 
•.nc.d give a higher velocity at this early stage In the formation of the narrowed air stream than the 
nr metical air speed aivctiy at tbgRocint of entry to the turbine. Theoretical air stream velocity is simply 
45 a emotion of cross sectional area with velocity oeing inversely proportional to cross-sectional 3rea. 45 

Thus b v this means, ft is hoped that one could help to counteract any slowing down of the air 
■ ■--am due to a back oressure building up because of turbine rotation restraint, resulting from tne build 
si die back EMF ot the generator. In ot tier words, to try- to maintain the power source, the induced 
n ot' velocity air stream as close as possible to the theoretical maximum velocity. To further assist in 
50 m s respect, a number of thin teat dr 00 profiles, positioned across the full width of the air tunnei, have 50 
oeen situated m the an stream, as indicated. 

it ;S ‘oped these would function as follows: 

At? or the Venturi entry the air tunnel is allowed to increase slightly in size, which will v. a 
sieving own effect on the air stream but then two uf the tear drop profiles have been places a a*r 
55 stream pantile' and equidistant apart in order to accelerate the air stream back up to the Venter entry 53 
cw; 0;i gassing fhesMimfrlPS the -tvedyve again start to slow down but then the same grows •; 
repeated vith a further set of the mar drop profiles which will raise the speed of the air flow again cast 
nnoi to entry mto the il rhino system. 

n oTMio; to this repeated speeding an process the profiles should also function as a kind of a 
60 on*-; wav valve s\ stem >f one consider.-, the equilibrium balance between air flowing in and air flowing 6C 
outwards the ilc.vn'q an vnuid t-nutusii he max-mum velocity, as it goes by the profiles much 
duwkv v iii ?h<- in hnwiRu Aiivv.uv. anr: therefore the m-flowinq air should overcome am shirt jr > 
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Thus, the Venturi entry and the tunnel should become a buffer zone in which the steady state 
equilibrium velocity of the air stream is maintained closer towards its theoretical maximum. 

Consider the diagram as shown of Figure 1 6. 

As the air stream approaches the turbine its velocity increases as the air space gradually reduces 
5 with velocity going from A at the start to B at the turbine entry based on a theoretical assessment of 5 

speed. 

In actual practice, the air flow will arrive at a steady state equilibriahsed velocity somewhere 
between A and B, say with a value equivalent to C. Using techniques as described above, one would 
hope to get the equilibrialised velocity, C, closer to B than it would otherwise have been in the absence 
10 of such design features. 10 

A precedent for the principle being put forward in respect of acquiring power by a moving body 
from the air of an air passage, is the Ram Jet Rocket. This Rocket has a propulsion system, which is very 
much reliant on its forward speed to produce what is termed a 'Ram effect', in order to cohect and 
pressurise the air of the air passage through which it is travelling. This air is then used in the production 
1 5 of forward thrust by a special process of emission at the rear of the rocket, in conjunction with fuel 1 5 

injection and combustion. 

A number of the principles involved are also present in hydro-electrical generation when a Peiton 
Wheel Turbine is employed. This process relies more on an induced pressurised water jet rather than 
simply a particular flow rate of water. Thus, for the same flow rate, a higher electrical output can be 
20 used if the water is induced, by restriction at its outlet, to have impingement velocity pressure as well 20 

as the static pressure of the basic head of water. 

Such principles would particularly apply in some of the designs where it is suggested that smaii 
restricting vanes are placed in the air stream right at the point of entry to the turbine system in ordm to 
accelerate the air in the final stages. 

25 Parallel principles are also present in the method proposed for accelerating the air in the air wind 25 

tunnel by means of the .horizontal tear drop profiles. 

It may also be beneficial to use tear drop profiles across the front of the car before entry into the 
Venturi, in order to help direct, concentrate and consolidate the air streams as they approach the 
Venturi, in a similar manner to the way water flow is directed sometimes in hydro electrical generation 
30 Finally, as mentioned, in some of the Designs I have placed a row of very small profiles directly on entry 30 

into the turbines. These are to more sensitive.ly direct the flow of air as it impinges onto the turbine 
impellers, as well as tc accelerate the air in the final stage. This aspect is dealt with more fully in the 
later section which deals with turbine. 

(b) Rear design, considering Designs 1 , 2 and 3. 

35 Apart from all of the frontal design features and all of those connected with the turbine design 35 

possibly the main other single feature that will aid the efficiency of energy conversion will be the 
"xertion of rear suctional forces acting upon the exit to the turbine system. 

Some of these forces are inherently present with any vehicle due to the suction force created in 
the rear slip stream. It is also intended to create additional suction, and it is hoped that the combined 
40 effect would be to ensure that the air stream velocity would be maintained very close to its theoretical 40 

maximum, and thereby the level of energy present in the air stream available for conversion into turbine 
rotational energy. 

Firstly, it is intended to create a partial vacuum beneath the car by scooping the air avvav at the 
front of the car with a kind of a 'snow plough' device, as illustrated. The air removed try this action will 
45 *’orm a part of that being directed towards the Venturi. 45 

By removal of air at the front, very close to the ground, a fairly high level of partial vacuum will be 
.created beneath the car. This is very much the same principle as the Skirt idea that iras been 
introduced recently into motor racing in order to give better road holding. This will be an added benefit 
In the car under consideration and will help to counteract the lift forces on the upper surfaces of the car 
50 due to ii;e high degree of streamlining. 50 

The effect of this partial vacuum will be to aid the extraction of air vom the -turbine system by its 
application at the rear most exit, where it will join forces with the rear s i stream suctional drag forces. 

I have also included ducting arrangements in Designs 1, 2 and 3 i this stage! between T he 
turbine inter-zone and the underside of me car, in order to assist in the 1 -unoval ot air and to maximise 
55 the pressure difference across the primary turoine. in Design 1 and 2, as a further suctional at* to assi-t ~5 

in the extraction of air from the inter-zone 1 have incorporated a Venturi suction method in me upper 
surface of the car, using a ducting arranoement is illustrated. 

All of these processes operate in contunction with 'he internet. on between the primer, and 
secondary turbines and are discussed in more detail later, in the follnvvmg section dealing .vim dee 
:G Turbine System. -'1 

The frontal scoop being so close to the ground may cause problems 4 there are pumps n the 
■ oadwav. For this reason, it is therefore imouesmstbjnnt this unit should be a mpante fixture • made or 
:m appropriate narrow gauge light material wmeo ...an be lifted at me press of a button, via a •■vdraui-c 
muhhamcm tr> h noinr wnor*? it b6C0 me,'-' 
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the; good condition of our road network, there would be no problem, but there would inevitably be 
occasions when an unexpected obstacle appeared in front of the car and quick operating retraction 
mechanism would be required Obviously it would be ideal if this operated by means of an automatic 
sensing device. 

5 The rear shaping of the car will have a large influence on how much of the slip stream drag forces 5 

can be applied in the region of the turbine exit, and it may be that the designs illustrated would not be 
the best in this respect. One may be able to create improvements with off-body aerofoils. 

Experimentation would really be required to determine this aspect of the design. 

These sectional forces are created because the air within these regions has been depleted. By 

1 0 allowing the suction forces to act upon the exit to the turbine unit, the depleted zones of air will be re- 1 0 

charged with the air passing through the turbine system, and as a result of this, the overall negative 
drag forces acting upon the rear of the car body should be reduced. In a normal car these drag forces 
are a major contributory factor to the overall air resistance of a car. Because of this immediate 
replenishment of air in the rear slip stream void zone, and because of the high streamlined nature of the 
' 5 car body at the front, it is considered likely that the overall drag coefficient of the car being proposed 1 5 
could be some.vbat less than a conventional car. 

A similar principle is used to cut down drag forces in specially designed wings, which have a slot 
incorporated into them to allow air to pass through from the underside high pressure region to the 
upper, lower pressure, surface of the wing, where drag would otherwise be taking place due to the 
20 boundary layer breaking away. 20 

Also a similar idea is applied to another type of wing which is pressurised with air inside the 
wing, and this air is allowed to flow out tnrough a slot on the upper surface of the wing to reduce the 
effect of drag caused by the breaking away of the boundary layer. 

As mentioned previously, some use m aero toil air deflectors set off the car body may be useful in 

2 5 nelping to create and concentrate the sectional forces in the region of the ducts, and a further use for 25 

these would be to direct the air being emitted, so that maximum use is made of it to reduce the drag 
forces acting elsewhere upon the rear of the car body. 

A final body design feature to mention at this stage is the slight upturn in the lower surface of the 
air stream tunnel at the point of entry to the primary turbine. This will help to direct the air upwards and 
30 impinge on the underside of the impellers, and it will also cause air stream acceleration in the last few 30 
stages before impact as, of course, will the row of small air stream directors. This will assist in 
increasing tire level of kinetic energy imparted from the air stream to the impellers, and it may be that 
features such as this will cieate as much advantage as is gained by the induced pressurised water jets 
of a Pelton wheel hydro turbine, for example. 


35 5.2 Turbine design 35 

5.2.1 Arrangement considerations 

It is a little difficult to know at this stage which type of turbine system, both in terms of design 
and ai rangement, would give the most efficient energy conversion in the car being proposed. 

In all of may designs so far I have ooted for a dual turbine system and the advantages which I 
CO think may be gained from this type of arrangement are discussed below, and also later on in the 40 

section which deals specifically with the secondary turbine. 

However, it may be found in practice that just a single turbine unit would be adequate. 

In the dual system the principle idea would be to arrange for the secondary turbine to rotate 
bister than the primary by means of an appropriate interconnecting gearing ratio between the two 
•m up - and in this way arrange for the secondary turbine to have a higher a*r displacement capacity 45 

--an 'ne volume of air entering the primary turbine. The main advantages thought to be gained by this 
: a i arrangement are as follows idiscussed in relation to Design 3, which uses Radial flow turbines at 
O'.’h stages): 

1 ) The more rapidly rotating secondary turbine will quickly transfer the air, after collision with the 
50 impellers, to the rear of the vehicle, and this will minimise any tendency *cr s pressure to build 50 

up. which would otherwise result in a showing down of the air stream velocity. 

2? This rapid displacement of air to the tear of the vehicle will more readily allow the depleted 
.Slone m the wake of the w.r to be replenished, thereby reducing drag forces better, which 
would otherwise be acting upon the car body at the rear. 

|5 One ion see nero the way u wtww the car t; si;p stream frag forces aid the car when thev 6" 

are a i lower: to act upon the imoeltets of the turbine, since the impellers can respond to the 
inoT-d force, an'* r hus thee rotation is assisted, resulting in improved turbine efficiency; 

hiese it'o (trap ion -s .n.ts u icon a solid i ai body surface will, instead, just have 
•> • .of . t of now -mo the w s ov.-t is ait resistance to forward motion, 
n f ’ " - s ■ displacement of air fi om tne region between the two turbines will create a higher 60 

■ w n*f,, ror( w act oss the primary turbine than would otherwise have existed, and this 

, ,i air to flow f asw r thiouun -mi primary turbine, thereby maintaining a higher level 

:• .y nr v: v This low on sow: uou.ri also exert a (townward pulling force on the imoe-ers 

:-.W. • T t: I! "■ la fW c ■ • TJWW- of::-- mvolUtlOtl. 
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4) One of the main principles of this dual turbine system is that it would ht: hoped that the 
interaction between the two turbine units, as described in 1 ) and 3) above would create a 
self-sustaining action. 

The primary turbine would first cause rotation of the secndarv turbine, then the 
secondary turbine would, in turn, assist the rotation of the primary turbine in the wav 
described, and so on, mutually assisting each other's rotation. 

5) Another possible function for the secondary turbine, particularly in the case of Design 3 
would be for it to capture the energy of the air stream that was not given up at the primary 
turbine stage. However, because the secondary unit is rotating at more revolutions per unit 
time than the primary turbine, capturing any energy of the air stream that managed to get bv 
the primary turbine would more likely occur if this air, which would probably be mostly at the 
periphery, struck the impellers of the secondary unit in the central region of this turbine. 

This is because the speeds at these respective points would be seen that the air stream 
would be more likely to have a higher velocity than the angular velocity of the secondary 
turbine in its slowest central region. This in fact, is probably what is more likely *r. bapnen, 
rather than vice versa, when little energy would be expected to be transferred. 

Optimising for this effect would be one of the things to consider when positioning the : vrpw-: m 
relation to each other, and also when selecting a design for the impellers ot the secondary unit. 

Thus, these are some of the main principles involved in the dual turbine system, which it is 
believed would give rise to better overall efficiency in energy conversion over just a single primary 
turbine, 

To a certain extent the idea is similar to that used in a Jet engine hut with lire action working in 
the opposite direction. 

The relative speeds of the primary and secondary turbines will probably be fairly critical wdn 
optimum conditions probably changing with changing car speed. 

Continuing the discussion in relation to Design 3: 

The pulling force, due to the low pressure region between the turbines acting upon the primary 
turbine, as described in 3) above, could also exert a negative influence in the sectors I quarter of the 
turbine's rotation by causing retardation after the impellers have rotated (rust tire low pressum inter 

connecting region. 


Therefore, in order to try to oveioome thus negative influence to rotation, a duct has be-m 
incorporated, connecting the partial vacuum beneath the car to a region lower down the primary 
turbine's rotation, in order to further extend the region of the downward pulling force. However on 
passing through this duct region, a negative drag would again probably be exerted, but this 
35 arrangement is very much more flexible, in that it contains a number of variables, all of which can be 
slightly and sensitively altered. Therefore, it should be a fairly straightforward matter to find the 
optimum conditions which give the greatest advantage to the clockwise rotation of the primary turbine, 
it would be hoped that most of these variables could oe altered during driviny in order to ce able to set 
optimum conditions for a particular driving speed. Obviously it would be better if these alterations 
40 could occur automatically with changing car speed. 


The two principal variables would be: 

1 ) the relative speed ratio between the two turbines, and 2/ the pulling force due to the partial 
vacuum beneath the car acting upon the downward stroke of the primary turbine by means of the 
ducting arrangement. 

43 This latte; variable could be sensitively altered by means ul a sliding covei owi tin- lev: it i:,e\ 

be possible to achieve this automatically using a similar mechanism to an automatic choke. 

Likewise, it may be possible to automaticai'v change the relative speed ratio using an .newtr-g 
variable gearing system operating between the two turbines. 

Obviously, it would require' quite a iot of experimentation, at different speeds to dele • mm,. th” 

50 optimum settings for the different variables involved. 

Among the most recent innovations in cars are the computer devices which electronioaev con;:;)! 
fuel injection in response to accelerator pedal changes. This does awav with all tne usual ;n:w - 
connecting linkages and more accurately controls the fuel input, giving an increase in fuel emclenu . 

Thus, it mav be possible to use similar devices for the two variables mentioned above whe'ebv 
55 one could include a computer which transmitter! pre-programmed settings electronically ;o tne vai iar ; r 
mecnanisms, in response to the speed ot the car these being continually monito-ed on the >put sun. o: 
the computer. 

As previously mentioned, on the other sit!” of mo optimum balance to: the r to -e s;m : mho s 
the fact that d the secondary turbine was rotating ton fast in leietmn to tre primary turbw- m-m o 
cO wouia not be able to acquire any of die - netir. energy of the air stream whn h manages to -s .me a: 
the primary turbine stage ant! this won id be another factor to consider 

The principal egion fer the application of ’he partial vacuum beneath the ,n s iWim.r . ,\ : i ”o 
main exit to the turbine s'/stem where e ows ows-w with the rear slip stream m eg rooms 
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displaced immediately at the rear of the car where it will reduce the rear drag forces acting upon the 
car body at the rear 

Design trials would really be required in order to maximise concentration of the drawing force 
upon the turbine outlet and also to maximise the effectiveness of the expelled air in reducing the rear 
5 drag forces, as mentioned previously. 5 

Another advantage of the dual turbine is that the drag forces acting upon the secondary turbine, 
with this type of air expulsion, should nor contain any negative elements. One would not expect a 
negative influence on the underside of the impellers as they rotate upwards, since the abundance of air 
being issued should more than nullify any drag at this point. 

1 0 However, if the secondary turbine was not present and the primary turbine was fully exposed to the 1 0 

drag forces then one would have fairly uncontrollable negative elements within the drag force reducing 
the overall net benefits of the suctional forces. 

As already mentioned, however, rapid depletion of air between the two turbines could create 
negative drag acting upon the primary turbines. 

1 6 This would obviously be eliminated if the air displacement ratio of the two turbines was 1:1. 15 

However, under these conditions because of the reduced air flow rate, one might start to get 
negative drag acting upon the secondary turbine. 

Thus, when optimising the two relative speeds, one would be looking for this type of effect. 

Under conditions of a 1:1 air displacement ratio, one would lose the advantages of the self- 
3 sustaining action and tins therefore would be another factor to bear in mind when optimising the 20 

speed ratio of the turbines. 

It is, of course, very important to be aware of all ot the various elements involved in this principle 
in order to be able to also make more accurate design adjustments when experimenting for the 
optimum basic design. 

2 5 With just one single primary turbine the maximum drawing force that can be applied to the 25 

system is purely determined by the maximum force that can be obtained from external drag forces and 
the partial vacuum beneath the car. However, with the Dual System this is not just the case, and it 
would be hoped that appreciable advantage could be gained by having the secondary turbine 
displacing air at a speed fairly well in excess of the speed of air entry into the system. Under these 
30 conditions the drawing power being exerted across the primary turbine would be greater than could be 30 
obtained from the external forces, and, in .addition to tins, under such conditions, the external drag 
forces would be more elfectively reduced by the air that was being issued out at the rear. 

This really is the main principle behind the Dual System, and therefore just to elucidate a little 

more. 

35 Under conditions when the air displacement capacity after the primary turbine stage is greater 35 

than the maximum theoretical air input to the turbine, one would be more likely to maintain the 
maximum theoretical air velocity, and also one would be more likely to be satisfying the depleted air 
zone in the slip stream of the car which gives rise to rear drag forces. 

The turbine system may have to do more work under these conditions in order to uisplace the air, 

4Q but the nett energy obtained would be more likely to approach the maximum attainable from the 40 

application of the rear drag forces. In addition, the energy savings in reducing rear drag forces would be 
more likely to approach the maximum — in relation to a system which just employed a single primary 
turbine, exposed at the rear, and taking what advantage it could of the rear drag forces, in a fairly 
uncontrollable and 'hit and miss' manner. 

4 E However, on the debit side, one may be increasing the negative element acting upon the primary 45 

turbine to a more significant level as air displacement capacity increases, even with the duchng 
arrangement to minimise this effect. This aspect makes a possible case for adopting circular types of 
prima;v turbines, and I discuss this later. However with this latter type, the overall effect may be to 
lose moie energy in the forward vector, because one would have to optimise between pitch angle and 
?0 retaniatl'vi of air stream velocity. 50 

in Design 3 an alternative for the dual turbine arrangement could be as illustrated on Figure 17, 

(at this-stage not particularly, considering impeller design). The advantage of this design over the 
arrangement, as given in Design 3, is that one may be applying the available drag forces to a greate r 
ext-mt. However the negative component may also be higher and less controllable, which couicl result 
E 5 m me svstem being as good as that illustrated m Design 3. on balance. The main areas for this negative 55 
component are moiented by 1 and 2 on the drawing. 

It is thought at this stage that Radial flow turbine designs, like the ones illustrated in Design 3. 
vv'Miid have some advantages over Axial t'ow ‘udvnes in terms of: 

m a smoother passage of air and a i r turbulence resulting in less wastage ot energy: 

"0 uv allowing i:Hii (l in 'aims o' dnsion wfiiwnwit, wilier i could extract more energy ‘ r om the air 

stream ; 

ail. less aneruy wastage in vector compcnents. 

However the negative drag aspect mac v. 'rude any of these benefits and rule them out for this 
, i i a 1 1 i a a i i ( 'in 

a n This w aw • , aid : a ; u : u ■ ■ -w ■ a a., : ei 1 by using circular turbine designs mm u :; 'av 
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design is such that they operate fully exposed to the air stream forces, with all the forces being (exerted 
similarly, no matter where they are applied to the turbine impellers. 

Therefore, Designs One and Two are being put forward at this stage as possibly bemy better than 
Design Three. However, this could very well not be the case for the aforementioned reasons. 

5 Both Designs 1 and 2 use Axial Flow turbines at the primary stage, and here, for both of these 

designs, the intention would be to use two identical turbine units standing side by side in the path of 
the air stream, in order to nave the advantages of a full width air stream, as pre-determined and 
allowed by car size and shape. Whilst there are many possible designs for the impellers of this type of 
turbine, some of which are described later, it is thought that possibly a bladed aero propeller design 
1 0 would be the best from the aspect of efficient extraction of the air stream's kinetic energy of motion. 
Thus, this is the type provisionally being suggested for use in Designs 1 and 2, although this is open to 
fu mer ideas at this stage. 

Design 1 also employs an Axial Flow turbine at the secondary stage. 

Design 2, on the other hand, employs a Radial Flow turbine at the secondary stage. It is "hough 
1 5 that this wouid have the advantage of displacing the air to the rear of the vehicle in a smoother, less 
corpulent manner, with the consequence of minimising the work done in the displacement ot the air 
and also probably causing the air to be more effective in reducing the rear drag forces. With Doth these 
arrangements, one would again try to create the self-sustaining action by having the secondary turbine 
rotating fast enough to give a higher air displacement capacity than the volume of air enteiinct 'he 
system. 

In order to assist further in Designs 1 and 2 for formoval of the air. suction ducts have been 
incorporated into the design, both functioning to such air out of the interconnecting zone between the 
two turbines. One is connected to the partial vacuum beneath tfo e car. The other is a ducting connected 
to the top surface of the car body to a position where a Venturi shape has been incorporated. The 
25 action of the air accelerating as its streams over this Venturi shape will cause a very low local pressure, 
which in turn will draw air through from the interconnecting zone. It is thought that the inclusion of this 
Venturi shape will add very little to the overall air resistance of the vehicle, in comparison to the extra 
drawing power that itwould exert across the primary turbines, since the very fact that it works at all 
depends on the boundary layer remaining intact. Under these latter conditions, them is very Frr'o air 
30 resistance and it is only in regions of air turbulence where air resistance is created to any great extent 

Thus, in this design there are three features assisting in the removal of air tiom tne mtei -turbine 
zone — all of which could be indpendently varied in order to give optimum conditions for a q i ve ° driving 
speed, using similar techniques to the ways discussed previously. 

The principal concept with the dual arrangement is that one is trying to remove air rrcm the inter 
35 turbine zone as quickly as possible in order to maximise the pressure difference across the primary 
turbine and to enable the rear slip stream zone to be quickly replenished with air, and thereby be more 
effective in reducing rear drag forces hopefully with as little expenditure of energy to detract from the 
benefits gained. In the latter respect, the suction ducting arrangements should add little to the overall 
energy requirements needed to propel the vehicle forward, and therefore the extra power these may 
40 give does not have tc be paid for in terms of additional energy consumption. 

This aspect, in relation to the partial vacuum beneath the car, is dealt with more fully in Section 
5.6! 

The Radial Flow turbine at the secondary stage, as used in Design 2, may not be the best type to 
use, since a retardation force against its rotation could be built up in the inter-turbine zone as the 
-i depletion of air between the turbine increases. It may be that this effect would not be oftset bv the 
oenefits gained. 

Thus, Design 1 is suggested as an alternative which uses Axial Flow air extraction units the 
secondary stage. Again two units are used side by side in order to facilitate uniform extractioi d ai- 
across the full width of the air tunnel. With this type of design, because of the near vertical pc c; of the 
1 : C mpeiler blades, there would be virtually no retardation force build up resulting from the iowewg of 
■pressure in the inter-turbine region, discussed later in Section 5.2.3. 

Therefore, providing these units emoioyed very friction free ball-bearing housings for their central 
maids they would consume very little energy in displacing air. Any that was used up should be far 
a we. men df me benefits gained in the energy conversion efficiency of the primary turbines ami by 
,:I .nr energy -.avinus due to the reduction in rear drag forces. 

Thus, tr :Q- mcabv one could have these secondary units rotating mm. rast in relation or me 
imount of air ant -ring the system, such rhat the inter-turome zone was ’oxen down to a vers mv 
" r ■ ss are firtec vith enormous advantages hieing gained in twms a .«.• ocity and energy 
mivvsion • : r os the orima r v turbine. This aspect is discussed 'urh - m we section foilov/i m header: 

0 mcornary mrfm e . 

There -an arm this section deals in a more general manner ■’ m -jus-aDie ‘orini: wm-nm 
■~.,.q-s, j£ m :m -d :< turbine o'aiiumto'ty 

'neve . '• -> - - i's wreecv dead with aummthw .t, . - : 
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5.2.2 Primary turbine 

T nere is, in fact a very wide choice for the possible design of the primary turbine and, as already 
indicated, these fall into two main categories. 

fi) Radial Turbine designs placed horizontally in the path of the air stream, as has been used in 
5 Design 3; 5 

nil Axial Flow designs placed vertically ;n the air stream, with the whole of it exposed to the full 
blast of the air stieam as used in Designs 1 and 2. 

Within each of these two main categories 'here are a host of possible different designs and 
arrangements for the actual impellers of the tuibines. 

10 Axial Flow turbines 10 

Examples of possible Axial Flow designs ate as follows: 

1) A windmill type of design. 

As .already mentioned tins is the type possibly thought to be the best for this application under 
consideration, and aero blades are suggested, similar in design to an aircraft propeller. 

it i ' thought that this design would be the most efficient in extracting the kinetic energy of motion 1 5 
of tlic : stream, since it s specially designed profile would take advantage of extra force benefits that 
comb os gained from lift and torque components of teh air stream energy. 

2) A ship s propeller type of design, with biaue pitch optimised. 

3) Air extraction fan type of design, agaw wim Platte pitch optimised for this particular application. 

20 4) Aero jet engine type of turbine design. 20 

This is by no means a comprehensive list of all tire possibilities, especially when one considers 
some of the more futuristic car designs. 

However, until the idea has gained acceptance and been proven under practical testing, I feel that 
the aforementioned suggestions are as far as one should go at this stage— although one is always 
25 . men to further ideas as with the whole of this concept. 25 

Hadial flow designs for the primary turbine 

these also lent) themselves to taking advantage of induced lift forces through special wing profile 
designs for the impeileis. and also for other design features aimed at acquiring more energy. 

Considering the primary turbine of Design 4. irt which a fairly straightforward wing design has 
20 been used for the impellers: 30 

Firstly, 'o assist in the application of lift forces, I have placed small fixed vanes across the air 
stieam just poor to the turbine entry, in ordei to more sensitively direct the air flow and to give 
controlled optimum angle of attack as the wing impeller rotates upwards through the ai r stream. 

Considering the various stages as one of the impellers goes through one revolution of the turbine: 

35 Stage 1 — Figure 18 35 

At point 1 one would try to create a lift force on the upper surface of the wing' due to lowering of 
loca 1 pressure-caused by an increase in air stream velocity over the upper surface of the ‘wing’. 

In addition, this increase in the air stream velocity would impinge upon the next impeller at point 
3 ‘urther adding to the impact force at that point. 

else an increase in pressure would be starring to occur under tiie wing at point 2, assisting in the 40 

aft karces 

Stage 2 — Figure 1 9 

At tn.s stage, one would try to again achieve ncreased air velocity over the 'wing' upper surface, 
mg some extra lift at point 4. but then the pawn : iry layer would break away fairly rapidly giving a 
" -"3 c-ffee,: be held the wing at po<nt 1 which she. .id act as a pulling force on the back of the wing'. 45 

cere iso in Wj an velocity will again add to me dynamic pressure actir.g upon the next 'wing' at 

Alec - ole,, g cot 3 the mam force is occurring 'which is being added f o a little by the effect at 

"> vmq )irc tmiining. as u dictated 


■‘age 3 - Pigu-e 20 

■He: " I no ■ i i m : - a : g 


air stream wouic be being felt on the moot of the wing' at point 1 
id :;e a ; nw orrm-sure zone acting as a icrca pealing the \vmg around 
■ i.'-ir form, c c i ■ i oe aporeciah-iv added to by me effect of 3 
- cm cr dwev ament rapacty than 'he primary curome. 

: -a r t rm) *0 -pta tv: n. 
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Stags 4 — Figura 21 

In zone (a) there would be a comparatively low pressure which would enable a lower resistance 
to motion through this upward region, causing less drain on the angular momentum that the turbine 
acquires. 

5 At point (b! I have included a small upturn air director, as indicated, which should have the effect 5 

of concentrating and accelerating over the last few inches before impact at point (c). On impact, a fast 
accelerating air stream would impart more energy than would an air stream at say a steady state 
velocity. 

Therefore, the incorporation of such finer points in the design could make a substantial 
10 improvement in the energy conversion efficiency of the system. 10 

A further design feature that may prove to be beneficial with this turbine would be to off-set the 
impellers so as to create a central void zone. In this way a high pressure vortex could build up, acting as 
a store of residual angular momentum energy which would help to maintain the rotation momentum 
:s shown on Figure 22. This illustrates the build up of a high pressure central vortex, A spinning m the 
' 5 erection of the turbine, adding extra power behind the rotation. i 6 

This idea could possibly be combined with the incorporation of rear underside flaps on the wing 
impellers, as shown on Figure 23. 

Such rear flaps can give improvements in the lift force exerted on the upper surface, as much as 
1 0096 increase in the power of the force. I have also illustrated fixed slats at the front which could also 
20 give a vast improvement in the lift force by sensitive manipulation of the air stream at the from of the 20 

wing impeller. 

However, slats are normally a composite feature of the wing, and it may be that these impellers 
would benefit by having slats as a feature of the wing impellers themselves. 

However, even in this case, one would still have to have the fixed slats in the air stream ;ust prior 
25 to its entering the turbine, in order to give the optimum angle of attack between air flow and wing 25 

impeller. 

The angular positioning of these slats will change, as illustrated, in order to facilitate constancy in 
the optimum angle of attack as the impeller rotates upwards. 

One would probably try to create these extra lift effects up to about half way through the m 
30 stream height, then one would leave it to the natural action of the air stream impinging into the wing 30 
impeller, when the main force would be the frontal impact anyway. 

An entirely different impeller design could be as shown on Figure 24. 

The principal features of this design are ' 

a) a higher impact surface area on each of the impellers. 

35 b) the build up of a high pressure vortex in the central region which could retain far more angular 35 

momentum energy than the previous designs. 

Or a similar design to the above, but with four impellers, as shown on Figure 25. With these types 
of designs one could also probably create some lift forces on the upper surfaces of the impellers, as 
w the wina type designs. 

40 Selecting the best primary turbine for this application would ultimately have to be determined 40 

under practical testing. 

The next section deals more fully with the types and function of the secondary turbine, and again 
c Ah cylindrical and circular designs are discussed. 


2.3 Secondary turbines 

45 Ideally, when the air stream collides with the impellers of the primary turbine it we! pass on all ot 45 

>.s energy of motion and come to rest. Work would then be required to remove that air koir ’he 
system 

This work could be carried out in several ways: 

(i) By the rotating impellers pushing the air away— -this wouiri extract back some of me enemy 

50 given to the impellers; 5C 

(ii) Bv the follow-up air stream — this would reduce the energy content of the air stream ‘ha! 
could be passed on to the impellers. 

(iii) By the sectional drawing power of the underside partial vacuum and the rear d, ag *c- : >s. 

This would be the principal function of these forces, anc! it would !m mmx: m mm 

5 5 would make a very substantial contribution in this manner. As will be d : sc .mud ate' the 5.: 

creation and existence of the partial vacuum does not require the cor mum:, man o‘ am. an cry. 
ana thus it provides this suctionm force without energy having :o ue giver m. av. e or 
drag forces are present anvway. and. therefore applying th|jjn m *hi ; omnrm is a c m. at 
obtaining something back from them. 

- ' vi The fourth way of removing the air is ov means of the secondary tumme arm ' •? neper r at 5.5 

this turbine would operate in conjunction with the suctionai tore c m remove re m w 
follows: 

.Twvicusw cis tossed, it ,s interacted to snanew throuqr, mterc.orinwm m ww eg r ; mi me 
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displacement capacity. This action would deplete the air in the region between the two turbines and 
create a drawing force on the primary turbine. In addition to this drawing effect, the pressure difference 
across the primary turbine will be increased and therefore incoming air will flow through the turbine at 
a faster rate. As indicated previously, it is hoped that this interaction between the two turbines will 
5 build up a self-sustaining action, with the primary turbine first causing the secondary turbine to rotate, 5 
then the secondary turbine increasing the flow of air. 

Thus, this will increase primary turbine rotational energy, which will then increase secondary 
turbine rotation, and so on, until a higher power level is reached within the turbine rotational energy. In 
other words, by this interaction it is hoped that the induced air stream velocity entering the primary 
i 0 turbine will not be retarded back to a lower equilibrium velocity by the generator EMF, etc., as much as 10 
it would without the assistance of this action. 

Therefore, more kinetic energy will be contained within the air stream and available for 
conversion into turbine rotational energy — keeping in mind that kinetic energy is proportional to the 
square of the velocity. 

This equilibrium velocity state has been disc ussed previously in Section 5.1.2 under 'Frontal 1 5 

Design'. In order to obtain the maximum effect from the interaction between the two turbines, their 
relative speeds would have to be optimised. 

Considering the following slicematic representation of the system. 


High Pressure 
Air stream 
entering T urpine 
system 


inter-turbine 

Zone 


20 

Rear External 
Suctional forces 


Primary Secondary 

Turbine Turbine 


25 The interaction between the two turbines and the rear drag forces in displacing the air through 25 

the system could be in two principal wavs, both dependent updn the speed/air displacement capacity 
of the secondary turbine: 

( 1 ) The pressure in the inter zone could be at a level slightly higher than the external drag 
pressure, and under these conditions, this drag pressure.would help to draw air from the 

30 secondary turbine, thus lowering the level of energy expenditure needed to displace the air by 30 

the turbine. 

(2) Alternatively, and very probably better, one could arrange for the air displacement capacity of 
the secondary turbine to be higher than the volume of air entering the system, and in this way 
maximise the pressure difference across the primary turbine, and thereby maximise the 

35 amount of energy that could be extracted from the system. Under these conditions, the 35 

pressure in the inter-zone would probably be lower than the external drag pressure, and 
therefore additional work may have to be expended bv the secondary turbine in pjshing the 
air to the rear, rather than having it drawn out, as in the above case. However, on balance, the 
nett gains in the overall energy production could be appreciably better in this latter case. 

40 Also, under the latter conditions, the displaced air would probably ba more effective in 4C 

saving the energy than would normally have to be expended in overcoming rear drag forces 
on ihe car body, this being another very important principle in the whole process. 

Radial flow designs for the secondary turbine 

As previously mentioned, a possible further function of the secondary turbine, particularly in 

-5 arrangements which use radiai flow designs, would be to capture any energy contained in the air 45 

stream which escaped at the primary turbine stage. 

Thus, on the one hand, only minimal contact is desirabie from the point of view of not having to 
give back any energy to the air, but on the other hand, one would wish a reasonable degree of contact 
! n order to capture anv of the energy remaining in the air stream after the primary turbine. However, as 

50 oas been discussed previously, this would only occur with air from the fast moving oeripher/ of the 50 

orimaiy turbine, escaping at this point but then impacting into the secondary turbine in its slowest 
••mi wo a r eaicn, towards its centre. 

etnre with ali of the aforementioned factors in mind, the positioning and design as illustrated 
jo Farce 26 - suggested as a possible starting point for Design 3. 

•i - S-irT'cru Turbine Position. 

P Out viary "Outline Design mb Posit-, r 

•\i OTh'-ni ! 

f '■ - w veh, that a negative drag force would be exerted at 1 , because of the aoundance of air 

bnir.c mum" forth trom the turcme. 60 

- v.'n if so, conditions could ce so controlled in order to minimise it to a negligible 
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2 Duct connected to the partial vacuum beneath the car to further extend the downward pulling 
force on the Primary impellers at 2. 

Peripheral energy is more likely to escape from a Radial Flow turbine in comparison to an Axial 
Flow type. However, by using a design similar to that illustrated, it should be possible to pick up this 
5 energy at the secondary stage, and in this way for it to make a contribution to the overall rotational 5 

energy content of the turbine system. 

Axial Flow secondary turbines 

Of the possible Axial Flow designs for the secondary turbine, there is really only one which would 
be entirely suitable for this application, and, as already indicated, this would be a design along the lines 
10 of an air extraction fan. The action of this design is to slice off a thin section of air with each revolution 1 0 
and displace it on the other side of the extraction unit. Thus, only a very small work vector would heme 
to be done against any horizontal suctional pulling forces, and also the drag forces would largely draw 
tne air from the unit rather than the extraction unit having to do work to push the air through and 
outwards. 

1 £ Finally, having discussed the dual turbine system in some detail, it may well be that unaer trials a 15 

single primary turbine would prove to be perfectly satisfactory, particularly in designs where one is 
"oclying all the additional suctional arrangements acting on the turbine exit. At this stage it really is a 
C' astion of considering all the possible ideas and selecting from them a starting point for practical 
trials. I personally feel that a dual system would be very worthwhile testing from the point of view of 
20 better efficiency being obtained by: 20 

1 ) maintaining air stream velocity closer to maximum theoretical velocity; 

2) creating'a higher pressure difference directly across the primary turbine; 

3) more effective in reducing rear drag forces acting upon the car body. 

6.3 Further discussion on the partial vacuum beneath the car 

25 Discussed in relation to Design 3. 25 

Figure 27 gives an illustration of a car of Design 3 type, travelling forward through an Air Passage 
at say 50 mph, and this is discussed below: 

It is hoped to achieve a fairly high level of partial vacuum beneath the car, by means of the frontal 
section streamlining the air way, in order for this suction to then be applied to. the turbine exists and in 
30 this way make a substantial contribution to the overall efficiency of the system. The principal way in 30 
which it would achieve this is by assisting towards maintaining the accelerated air stream velocity as it 
enters into the primary turbine system through its action of sucking the air through the system. 

Thus, a higher level of kinetic energy of motion would be retained within the air stream, and 
hence a higher level of energy available for conversion into electrical energy 
35 The partial vacuum should be created without consuming any energy, which could result in a 35 

reduction in its nett contribution. Above the frontal section (in region 1 on the diagram) the air is being 
streamlined away very smoothly and rapidly. This fact acceleration over the surface will cause a low 
pressure on the upper surface which will partially overcome anv resistance created to forward motion. 

A projection of this type would normally create high drag forces at its rear. However, because in 
40 his case an abundance of air is issuing out at the rear, the drag forces behind the frontal section will 40 
cot be felt as drag forces on the car as a whole, and therefore they will not increase the car s resistance 
o forward motion. It will simply be a suction force contained within the boundaries of the travelling 
car, totally separated, as far as the rear is concerned, from the rear external atmosphere, where the 
creation of the external drag forces acting upon the car takes place. 

45 Another aspect of the partial vacuum is that it will be very beneficial in overcoming upper surface 15 

ift forces created by the high level of streamlining, since it will exert a strong downward vertical pull on 
the underside of the car. 

Such a downward force will not add to the car's resistance to forward. motion. In this aspect the 
partial vacuum should in fact be beneficial, since the frictional drag forces on the underside of the car 
50 between car body-air-ground, could be lowered, and also possibly the tyre to air frictional forces could 5C 
oe less. 

A further benefit is that the additional air that is displaced at the front joints forces with that 
streaming towards the turbines, and this will combine to give a higher available energy content in m s 
air otream. 

~5 Therefore all the benefits in energy efficiency, gained by application of the partial vac. .cm at wo 5 3 

exit to the turbine system should be acquired without any energy expenditure to detract ten the 
overall benefits gained. 

5.4 Generator — soma related design considerations 

The rotational energy acquired by the turbine system has to overcome d'e ewc’m me -• mic-is 
60 set up within the generator as the power input :s increased. The efficiency r . • -ten-- - :? rows: 50 

tan be improved !;v orwmismg between tne ‘wo variacies, soeed of gem-v w ■ an-; to; or 
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generator, in order to determine the set of conditions which give a peak energy production for a given 
strength of power source. 

One could carry out this optimisation at the speed the car is normally driven at, say a cruising 
speed of 50 mph. 

5 However, at lower speeds the power source will be less and the generator may not be performing 5 

at its peak efficiency for the lower power source. The speed of generator rotation, as pre-determined by 
the gearing ratio between turbine and generator set for a car speed of 50 mph, could be lower at the 
lower car speed than was required to give maximum generator performance for the power source. 

Therefore some form of variable gearing system between turbine and generator would probably 
0 be beneficial in order to facilitate higher speed ratios at lower car speeds, i.e. at a lower power source. 1 0 

Adjusting this gearing ratio would be another useful function for an on-board computer. 

The computer could be pre-programmed with the optimum gearing-ratios ever a wide range of 
car speeds and activate appropriate adjustments in response to the car speed being fed into the 
computer on the Input side. 

' ; As far as the size of the generator is concerned, there may be a case for having the power i 5 

transmitted to two or three small generators instead of one larger one. This is deiscussed further in 
Section 6. I (b), in relation to Design 5 in which two separate air streams are used. 

5.5 Lsattary system — some design considerations 

The batteries are present in order to perform two main functions: 

20 (a) to provide a store for over-produced electrical energy for use when the generator is under- 20 

producing with high power required by the car, say when accelerating: 

(b) to provide a constancy in the rate of supply of electricity being transmitted to the electrical 
propulsion system. 

These functions can be carried out simultaneously within the same battery bank. However, if the 
25 car undergoes a journey in which the overall energy usage is higher than the energy produced in that 25 
journey, for instance because of a very heavy load in unfavourable terrain, then there may be advantage 
gained by having an auxiliary spare battery bank, to be brought into use when the charge in the main 
battery store becomes low. 

There is a gradual reduction in the efficiency of a battery as its charge gets lower, and by bringing 
30 in a fully charged battery into use at some stage during the journey, one would maintain a higher 30 

efficiency for a longer period in the journey. 

This is illustrated on Figure 28, which shows a graph of Battery Efficiency against Battery Charge 
Reduction during the course of a journey. 

The dotted line indicates the fall in efficiency that would have taken place had an auxiliary battery 
35 not taken over. 35 

Point A is the point at which a change over to an auxiliary battery takes place. 

As can be seen from these two curves, battery efficiency is maintained at a higher level for a 
longer period over the journey. This would mean that speed and power levels could be maintained for 
much longer during the journey with respect to the electrical propulsion system. However, at the end of 
40 the journey both systems would probably have to be topped up by similar amounts of charge from an 40 
external source in preparation for the next journey. Therefore probably no gain in this respect, but the 
extension of higher efficiency levels, would be very beneficial during the journey, making the driving 
easier and giving the car greater compatibility with ether road users. Here in lies one of the great 
advantages of the car being proposed over current e! ctrically propelled vehicles, in that The power 
:c being produced on the spot would normally always o' uie the maintenance of speed anc power levels. 45 
no matter how long the journey. Apart Tom the econ. ic considerations. 

As the calculations indicate in Section 6, is is b ved that over the full length of most journeys 
sufficient energy would be produced to fully satisfy t! power requirements of the car during the 
journey. However, there would obviously be exceptions to this equalising situation which would justify 
r '0 the Incorporation of the auxiliary back-up battery. 50 

Accommodation of the batteries within the car should be no problem these days, with recent 
advances being made in weight reduction, size compacting, and meeting the requirements of unusually 
shaped space facilities. 

Monitoring of battery efficiency in relation to charge depletion could be another function of an cn- 
5 5 ooard tomouter. 55 

A further addition to the electrical system c .Id be as follows: 

During periods when the genei atcus) was r, .ducing more electricity than wao required bv the 
eiectuc motors tor propulsion, tor :nsra t during a cruising period, one could supply the eiect.iu 
motors directly with the electricity bem reduce': by the generator and feed any surplus electricity 

-0 into me batteries for storage using an a -donate electrical arrangement. In this way one may oe able 50 

to significantly reduce energy ic,sse c ‘h gn in cattery system, 

5.6 Materials 

The vveiuht of a vehicle is a very neon a. actor in the overall power requirements a f t H e vemete. 

"he c a r ‘hat ; to- proposing - a:; an -c -m mac •" :cnventional petrol engine cm - n :hn. respect. 
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since most of the component parts of the system can be manufactured from fairly light-weight 
materials. This is because they do not have to withstand the very high heat and pressures of an internal 
combustion engine. Thus, extensive use could be made of light-weight plastics for such components as 
the turbine impellers, and casings of batteries, generators and electric motors, etc. 

5 Aluminium could also be used quite extensively, combining impact resistance with light-weight. 

Fibre glass would also be a good material, possibly for use for the main shell of the car. 

All the above materials are in common use for similar applications, and therefore it should be a 
fairly straight-forward matter to produce a first model, using an appropriate combination of the above 
materials. 

1 0 As already indicated, Design 1 is being suggested as a possible design for a first prototype. 

At this stage, a possible approach would be to acquire an appropriate conventional chassis, 
together with its steering system, and simply replace the drive system with a suitable electric motor 
installation, then build the superstructure to fit the chassis in accordance with Design 1 , 2 or 3. 

Fibre glass would be used for the main shell of the car, with possibly aluminium being used for 
1 3 the uoper unit and for the turbine housings and ducts. Hopefully the turbine units and extraction fans 
j>:lr. be obtained off the shelf for this first prototype. 

c ‘ ss:bly a material and component cost for this first prototype would be somewhat in the region 
of f 1 G 000. 

For a material in the longer term I am of the opinion that the latest advance's in the newiy 
2C „ merging range of very high impact resistant glass would be ideal for this application, not only for the 
car body, but also for many of the component parts, such as the turbine impellers. 

In order to ensure good streamlining and for minimising friction drag, it is very important to have 
a very smooth body surface finish, and glass would possibly be the best material in this respect. 

The high impact nature of the new glass materials now brings glass within the realm of car body 
25 application, and in the particular application being considered this property would also greatly 
overcome the problem of streamlined surfaces becoming impaired through surface blemishes. 

Such a car body would also withstand everyday bumps and knocks far better than would current 
materials, either steel ‘or ABS plastic. 

A further advantage would be that.the windscreen and other windows would automatically be 
30 made of this high impact glass, and therefore safety would be improved. 

At the moment this type of glass is not being used extensively for windscreens on cost grounds. 
However, were this glass to be used in large quantities for the mass production of entire car bodies, 
men its cost would obviously be reduced substantially, and even at this time it would p.obably be 
comparable in price with a steel body. 

35 Another consideration is that the substances from which this type of glass is made are present on 

Earth in some abundance, in contrast to metals and oil related plastics which are over-used resources 
of the Earth. 

Thio glass might also facilitate better colouring methods, with internal pigmentation rather than 
an external paint finish. However, a paint finish would be perfectly satisfactory, without impairing the 
40 quality of surface finish, if internal pigmentation proved impracticable, say possibly due to lack of 
sufficient heat stability. 

Obviously, if the latter method was possible, then there would be the advantages gained in 
diminishing the effect of scratches from the point of view of appearance. 

In addition to all of the above benefits, it is a comparatively light-weight material with high 
*>5 structural strength having a density approximately one third that of steel. 

Thus, all of these factors, in my view, add up to this material being a very serious consideration 
for use, not onlv in the particular application under consideration here, but also for car bodies In 
general, and possibly even applications such as coaches and trains. 

The f o 1 1 o ag news report gives some support to may views concerning this type of glass 

30 Newspaper aricle 

Quote: 1 ' :w, Car Engines of Glass'. Glass car engines giving 1 00 miles to the gallon are nemo 
aeveiopad n . pan. T he NGK Company, who make sparking plugs, have already produced a cG c.c. 
pror- c\ c:e •• tine in silicon nitride — basically glass. It is running now. The next step is a car-size 
, aie - - K g’asc engine with cylinders, head, crankcase, crankshaft a no pistons, di made up ef 
3 jemimas, a suostance similar to the glazing on bathroom tiles and kitchen sinks. The weight is cut by 

• ;■* c-'~' 'eij with a conventional metal car or motor -cycle engine and this means ext r a 

popcp' 3ut there is another plus: a glass-ceramic engine need never wear out. 

An- er Company, Kurasaki Refractories, has developed a new silicon-giass-matenal said 

ithatan ac :en temperature changes better than steel Yet with a third of the density or steel a is 

..ante: t eic. • and cheaper to produce — and it couid be longer lasting. 

At jsu- vno are linked with Gene r ai Motors, parent company of Vauxhdil and Opei — c-mi-rec-rs 
,r- cp j " ato Ceramics are developing an ail ceranuc-giass two-utre diesei eng i'e. r'c G..ote. 

j c vantage of these m a t e rial s w o •. j d p r o 1 5 a b ;y be :n the eas e a n n i.. c ) s t • jt •: e e \ e ■ : e g =■ : r 
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bodies for further use, and a main advantage would, of course, be the inherent long life of cars made 
from such materials. 

6 Verification of the feasibility of the idea by calculation 

6.1 Calculation to determine the amount of energy produced by the turbine system 

5 (a 1 For the purposes of this first calculation, I have considered the conditions of a vehicle, as 5 

given in Design Three. 

As discussed in Section 4, when describing the Venturi effect, no significant air compression 
takes place cn streamlining air and causing it to pass through from a broad section into a narrower 
section. Instead, the velocity of the air increases to compensate for the reduction in space, in 

10 accordance with Bernoulli's'Law. 10 

Theoretically, therefore, this increase in velocity should be inversely proportional to the cross- 
sectional areas of the sections through which the air is flowing. 

For the purposes of this calculation, I will use a vehicle speed of 50 mph, this being a normal 
v. eng speed for road transport. This is approximately equal to 75 fps (feet/sec). Therefore, if one 
■■ ;i,r es that the car is travelling through a fairly still atmosphere, then there will be a relative air wind 1 5 
at the front of the car of 75 fps (i.e. equal to the speed of the vehicle) confronting the forward 
c i ;-] vehicle. 

Thu cross-sectional area at the front of the car, i.e. the start of the air stream tunnel is 
approximately equal to 320 square feet (63 ft\ 5 ft). — Figure 29. 

20 This cross sectional area gradually decreases as the air streams through towards the rear of the 20 

car until at the point of entry to the Primary Turbine the cross-sectional area is equal to: 

1 0 ft a 3 ft=4 '2 square feet 

Therefore the theoretical speech of the air as it enters the turbine system is equal to: 

32 T 

75 fpsx - 540 fps 

25 However, there are a number of reasons why the air stream velocity will probably not reach the 25 

full theoretical speed: 

( 1 ) In reality, there will probably be a Maxwell-Boltzmann type of velocity distribution of the air 
molecules over the cross-section of the air stream, both in the vertical and horizontal directions, due to 
frictional surface drag. Hopefully, however, the boundary layers on all of the surfaces which make up 

30 the air stream tunnel will remain relatively intact, given a suitable surface finish. This being the case, 30 
then the air streams will reach maximum velocity (for a given cross-section) fairly close to the surfaces 
of the tunnel. 

However, to make allowance tor this effect, I will reduce theoretical air speed by 5%. 

(2) On impact of the air stream with the impellers of the turbine, air molecules will pass on their 

3 :. inquired kinetic energy of the motion to the impellers, causing them to rotate about the axis of the 35 

. urbir.e. 

Once this rotation has been set in motion, then the turbine will contain a certain amount of 
momentum energy which will contribute towards sustaining the rotation of the turbine. 

Therefore the total amount of energy now present in the system will be that due to the kinetic 

d j energy of motion of the air stream plus the acquired momentum energy of the turbine. 40 

Unfortunately, we are not dealing here with a totally elastic collision because of the back EMF of 
the generator and the mechanical frictional forces. 

This means that the rotation of t he turbine will be under a restraint and will riot be able to give a 
free response to the impact of the collision. This will have a slowing down effect on the speed of 
rotation compared with theoretical speed, which in turn will have some slowing down effect on the 45 
velocity of the air stream. 

however, the accumulative effect of the design feature, mentioned in Section 5, should help 
significantly to overcome retardation effects. 

A summary of these design features are given below. 

2 They are taken from all the car designs suggested and do not all apply to any one single car 50 

design although Designs 1 2 and 3 contain most of the more important ones. 

1 The sectional power acting upon the exits to the turbines bv: 
a the partial vacuum beneath, the car 
b the rear slip stream forces: 

55 c hv s-M-i.milaiv turbine assisting in the application of the above: 3 5 

d r h“ ; ; ■ 1 ; 1 ■ r sur Vice v.a'Cip, suets in hires-'. 
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Probably the overall accumulative effect of all of these suction forces would be equal to that 
which would be obtained from the volume of the displaced air at a pressure, P, the low local 
pressure in the other half of the Bernoulli's equation, i.e. 


P in P+Jn/A/ 2 =C 


5 


10 


20 


{jp'J 2 being the increased dynamic pressure of the air stream entering the turbine system) 
Although the point must be made that they are not, in fact, two halves of the same equation, 
they nonetheless should approach similar orders as though they were. 

2 The special design features in the air stream tunnel, i.e 

a Venturi shaped entry, causing rapia air acceleration on entry into the final approach; 

b the tear drop profiles in the air tunnel to sustain this air acceleration and act as one way 
valve systems: 

c the design features causing air acceleration right at the point of entry into the primary 
tunnel. 

3 The special impeller design eatures, e.g. 

a creation of lift forces; 

b creation of residual rotational energy is the central region. 

4 Car body surface finish, this being very streamlined and smooth in order to maintain the 
boundary layer as much as possible. 

5 Optimisation of the generator speed, in relation to the strength of the variable power source, 
by means of interconnecting variable gearing. 

6 The minimising of all the rotational mechanical frictional forces connected with the energy 
production process by using ball bearing shaft housings and light oil drip feeds. 


However, in spite of these design features, there will be some retardation of the air stream 
velocity and therefore I will make a very generous allowance of a further 25% reduction in the 
25 theoretical air stream velocity as it enters the turbines. 

In addition to this, I will not include the acquired momentum energy of the turbine in the 
calculations. 


Therefore, for the purposes of this calculation, I propose to use an air stream velocity of 385 fps 
this being 1 55 fps less than the theoretical of 540 fps. 

30 Just to reiterate, this represents the velocity of the air stream at the point it impacts into the 

impellers of the turbine, after reaching a steady state equilibrium flow rate, at a car cruising speed of 
50 mph, having made full allowances for retardation factors. 

The velocity of the air stream is govenered by the Bernoulli's Law, i.e. 


5 


10 


1 5 


20 


25 


30 


P + jP ^ —Constant 

35 (where P is the local low pressure created by the air stream on the body surfaces 35 

p is the density of air, 

V is the velocity of the air stream). 

The expression ypV 2 ' represents the increased dynamic pressure of the air stream due to its 
increased velocity, and quantifies the kinetic energy, E, of the air stream. 

<10 Thus E=4 -pV 2 . 4t - 

This is the same as the expression E = y mv 2 '. which quantifies the kinetic energy of any moving 
oody, but in the case here, related to air. With mass, m, being replaced with the density of air p. 

For the purposes of this calculation, I will use an air density of 0.08 lbs per cubic feet 
Thus, the kinetic energy of motion of the air stream will be as follows: 

45 E=-}x0. 08x385x385 45 

=5929 Ft Ibs/square Ft/sec 


Therefore, the total force acting upon the impellers at the point of impact will be the aty : to 
energ/xthe cross-sectional area of the air stream tunnel at the point of entry into the turbine .e. 


50 


E total -5929 ■ 4-| 

=26680 Ft lbs, 'sec 


Since it is more familiar to express energy in terms of Horse Power when referring to a v.r 
convert as follows: 


25680 

j P .... *50 HP 

5 4 0 
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If we assume that the turbine system has an energy conversion efficiency of 66%, then the 
amount of energy being transferred to the battery storage system will be equivalent to — 

33 Horse Power 

(b) Two turbine system — as in Design Five 

5 Briefly, the calculation for the two turbine design, as illustrated in Design Five, is as follows. 5 

In this case, the entries to the turbine systems both have a cross-sectional area of 3 feetxO.75 
feet=2.25 square feet 


' 1 


(1 ) Upper unit 

17.5 

Theoretical air stream velocity x75fps 

2.25 

= 583 fps 

Velocity after a 5% and a 2 5% reduction correction =415 fps 


% 0.08 .41 5x41 5 >.2. 25 


Therefore, E HP 


540 


-29 HP 

— assuming a 66% energy conversion, the turbine produces 

15 19HP 

(2) Lower unit 

Theoretical air stream velocity ; 


15 


— - x 75 fps 


2.25 

= 500 fps 

Velocity after a 5% and a 25% reduction correction = 356 fps 

}x0. 08x356x356x225 


Therefore E HP = 


540 


10 


15 


20 


- 2 1 HP 

— assuming a 66% energy conversion, this turbine erode ses 

14 HP 

Therefore, the combined energy production of the two turbines is equivalent to 

33 HP 25 

This is the same as the single n.rbine system, but in practice it could possibly prove to be better 
s nee the smaher sized generators of the dual system will have a lower back EMF than the Larger 
turbine and therefore thev may not slow down the velocity of the two air streams as much. This being 
die case, then higher impingement velocities oouki probably have been used in the calculations, with 
remaps a 20% reduction instead, of the 2 5% allowance. JO 

VV'th this correction, the energv moduced Is as follows: 

Upper unit 22 HP 

Lo w h r unit 1 6 H P 

Com Dine Enorgy 38 HP 

ci Axial Flow turbine systems 2 5 

In carrving on' these cak.uiat s : s.es irneared that an impact surface area of about 4.5 secure 
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This would apply equally to Axial Flow turbine impellers as well as to the horizontal impellers of a 
Radial Flow turbine. 

Thus, in a case where two Axial Flow turbines are standing side by side in the air stream the 
optimum diameter of the turbines would be 1 .7 feet. 

5 In the case where one turbine might be used, then its diameter would be about 2.4 feet. 5 

In both of the above cases, with the same 4.5 square footage of impact surface area, then the 
energy in the air stream at the point of impact will be as previously calculated in the case of the drum 
shaped turbine, i.e. 

50 HP 


1 0 If these turbines have a 66% conversion efficiency, then the electrical energy produced would be 1 0 

33 HP, as estimated for the Radial turbines. However, it is possible that these Axial turbines might give 
a higher energy conversion than 66%. 

On the other hand, in order to acquire the maximum efficiency from the Axial turbines, the pitch 
angle of the turbine impellers may be such that they will lower the strength of the power source by 
' - mocking back the air stream velocity. 15 

Therefore, one would have to optimise between this effect and the optimum angle for energy 
conversion, and it may be that the nett effect would be that Axial turbines were less effective than the 
drum shaped type for energy production. 


6.2 Calculation to estimate drag forces acting upon the vehicle 

20 The drag forces for this are a little difficult to estimate at this stage without the benefit of 20 

practical experience with this car. However, I will endeavour to make some estimates, as follows 
bearing in mind that it is believed that this car would, in fact, have less air resistance to forward motion 
than a normal car for reasons that will be further discussed. 

Drag forces are the restraints placed on a vehicle to its forward motion by the air passage. The 
25 resistance has two components: (1 ) form drag, which is dependent upon the ease with which a vehicle 25 
can displace air with its shape, and (2) friction drag, which is dependent upon the car body to air 
surface frictional forces. This is very sensitive to the smoothness of the surface finisfi of the car body. 

The combined drag forces can be estimated using the following equation: 


Drag HP 


Cd \ A x V 3 


146.600 


30 (where Cd=Drag co-efficient of the vehicle 

A=Cross-section of the car body at the maximum point, in square feet 
V=The speed of the vehicle in MPH) 

At the extremes, the drag co efficient of a vertical plate at right angles to direction of travel is 
equal to about 1 .2, whereas for a perfectly streamlined tear-drop' shape the drag co-efficient can be as 
35 low as 0.03. 

A normal saloon car has a drag coefficient of 0.5 and the latest streamlined models are 
moroaching 0.35. 

The way I propose to estimate the drag forces on the vehicle under consideration here, as shown 
e Design One, is to first calculate the drag forces on the very worst case of a moving body with the 
40 imensions of this vehicle, and then applv a knowledgeable correction, having regard to the design 
lectures of the actual vehicle under consideration here. 

Thus, the worst case would be to use a drag co efficient that applied to a shear vertical surrace a 1 
the front of the vehicle confronting the air passage, i.e. CD-I .2, with a surface area of 32.5 square feet 
In oui case. This would represent a moving body with no streamlining features whatsoever to heip in 
45 the displacement of air. 

"mus. 

1.2x32.5 ■ 50 ■ 56 

Total Drag HP 

146 600 


30 


35 


40 


--33 HP 


:* is interesting to note that this figure is exactiv equal to the amount of energy that was 
50 caicu id to be produced by the turbine. One mUmt expect this to be the case, hence giving sinned to 

the p! ious calculation, since in effect this air resistance value does represent come indication or 'he 
amou • of available energy contained ift the air Pounded by the 32.5 square feet at the front of the 
vehi... •- albeit reduced bv a number of factors. 

Thus, in this case, one would be producing sufficient energy to overcome ;h- ..nr resistance of tre 
enahe, out one would have ro add additional enemy to overcome meccano', g am: d re motional voces 
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However, in the actual vehicle wider consideration here we of course ate not dealing war a solid 
vertical surface at right angles to forward motion. Rather we have a highly streamlined car tnuiv with the 
displaced air streamlining through the vehicle and being allowed to passthrough and emerge out at the 
rear of the vehicle, hopefully with as little impedance to its overall flow rate as possible. 

5 The turbine system will obviously cause some resistance to flow rate, and in the previous 5 

calculations I allowed for a 25% retardation of the overall air stream flow rate 

As soon as the turbine rotates at all. air passes through and nut at the rear of the vehinn and 
therefore the resistance to forward motion due to the jir is beginning to decrease compare, i with : In- 
case where one has a solid vertical front which has !■». expend a let of energy in pushing me r iscm 
1 0 I estimate that the turbine should he rotating at about 50--- 80 i evolutions, sec at the cm-smc: 1 0 

speed of the car, i.e. 50 mph. This represents a ‘high air displacement capacity, and therefore the over aa 
air resistance to forward motion will be appreciably lower than would be the case with a solid font 
having no outlet through which the air passage can pass. 

Therefore, probably a very fair estimate would be to make a 50% reduction in the air resistance of 
1 5 the air turbine car, compared with a car which has a solid vertical front. 1 5 

However, in practice one might expect this turbine car to have a lower air resistance than is 
represented by the above value. 

This is because the turbine car would also have very muqh lower drag forces acting coon ns mar 
body, since the air is being displaced into the rear region which will have a very significant effect :n 
20 reducing rear drag forces. 20 

Therefore, not only would one expect to have improved frontal resistance to forward motion, but 
also for air resistance to be very much improved at the rear. 

If all the principles being applied were to operate fully 1 00% effectively, then the only drag tomes 
on the car would be those due to surface air friction which, because of the streamlined na’.ui e v 'he 
25 car and the very smooth surface finish would De very low indeed compared with the ri-ag co-efficients 25 
normally obtained with road vehicles ---say around 0.5. 

However, not withstanding the above comments, I will use a drag co-efficient for the turbine car 
of 0.6, this representing 50% of the value of a car which has a solid vertical front, having no 
streamlining feature's. 

30 Therefore, using this value, the energy expenditure due to the air resistance of the turbine car 30 

would be equal to 

16.5 HP 

Tbs following table summarises all of the results obtained and will assist for ease of reference in 
the further discussions that follow. 



Summarisation of the results 
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6.4 Further discussion of results 

For a conventional car, over the full length of a journey, about half of the energy is consumed in 
overcoming air resistance and half for other power requirements of the car, i.e. mechanical friction 
forces, tyre to road friction, acceleration and maintaining speed. 

5 One would expect the turbine car to use up energy for the latter functions at about the same rate 5 

as a conventional car. 

Modern saloon cars are given the familiar Horse Power rating, and for most cars this is about 50 
HP. 

This rating gives an indication of the maximum power achievable by the car during say a fast 
1 0 acceleration move, or for steep gradient work, or with a very heavy load on board. 1 0 

At a normal cruising speed in relatively flat terrain, the power being expended by the car is 
substantially less than the above rating, possibly in the region of 20 Horse Power. 

In fact, it is worth commenting here that one of the latest innovations on the new breed of 
aerodynamic shaped cars is to incorporate a device which disconnects the engine intermittently, 

1 5 relying solely on the acquired momentum energy of the vehicle for forward propulsion, resulting in a 15 
very substantial saving in power requirements. 

This, therefore, demonstrates the very low rate of power input that is sometimes required by a car 
during its journey. It is the same effect as one experiences on a child's scooter when, after having built 
up the speed with high energy input, then it only requires an intermittent input of a relatively small 
20 amount of power in order to maintain the speed. In this particular example the person on the scooter 20 
represents a large proportion of the mass involved with the acquired momentum energy of the scooter. 

Similarly, this would be the same in the case of a car, but not to the same extend. 

The turbine car that is being proposed would produce energy at the rate of 33 HP/sec at a 
Cruishing speed of 50 mph, in accordance with the calculations. 

25 Assuming we can compare with a normal car, then this level of energy produciton would be 25 

about 1 0 — 1 5 HP more than the car was consuming at the cruising speed of 50 mph. 

Thus, during cruising 1 0 — 1 5 HP would be being supplied to the batteries purely for storage, for 
use when the power requirements of the car was in excess of that being produced by the turbine. 

One would hope that over the full length of a journey the total power produced en route would 
30 totally satisfy the demands of the overall power requirement of the car during the journey. 30 

If this proved to be the case, as seems likely, then this in my opinion would represent an 
exceptionally important innovation, particularly at this time when oil is running out; petrol and energy 
costs are soaring; and pollution is becoming intolerable to society. 

Hence, the length of my report in order to try to establish the concept. 

35 7. G A Drawing notes 35 

Some additional extracted general notes on the following G.A. Diagrams Section, related to 
Design One: — 

A- -In this region the airstream is split, streamlined and channelled into two separate streams in 
the final approach to the Axial Turbines. 

40 B — Two Axial, windmill type, Turbines standing side by side facing the two halves of the split air 40 

stream. 

C —Two air extraction fans standing side by side, which, through the inter connecting gearing, are 
arranged to assist removal of the air at an optimised rate. 

D— Air Suctional Ducting arrangements. 

45 5 — Partial Vacuum beneath the car created by the frontal scooo. 45 

(See relevant text for fuller explanations of the systems). 

Claims (Filed on 1 9th Jan 83) 

1 . The invention is a method producing electrical power in situ f or use in the propelling of a 
moving vehicle through an air passage. 

50 T he electrical power is produced by first capturing as much as possible of the air in the moving 50 

vehicle's air passage at the front of the vehicle, then stream ling and channelling the air towards the 
rear of the vehicle, and into a relatively small cross-sectional 3 rea, achieved by appropriate design of 
tire vehicle body. In this way the whole of the air in the moving vehicle's air passage is collected, 
streamlined ana accelerated to a relatively high velocity compared with that of the moving vehicle. 

55 The accelerated air will then contain an increased level of energy, sufficient to provide ail the 5b 

power or most of the power, for all the drains on the vehicle's power consumption. 

The energy of the accelerated air stream is harnessed by means of placing an air turbine system 
appropriately positioned in the path of the streamlined air, towards the rear of the vehicle. A generator 
is connected to the air turbine effecting conversion of the mechanical turbine rotational energy into 
50 electrical power The electrical power so produced is fed to an electric motor system which propeils the 60 
vehicle. The electricity can be red to the eiectnc motor either directly or, via a battery storage system 
dependant upon tim power output to power mput ratio. (See the General Arrangement Diagrams tor 
; j, j , sibie ih's.ip-s of a. loan vehichm Tins :en -mi claim is concerned with the process of generating the 
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power, which can be applied to any moving vehicle travelling through air, rather than to the use of 
power so produced by the electric motor system. 

The distinguishing features of the invention are as follows,- which will also serve to give a better 
understanding of the inventive concept: — 

5 Unlike normal generation of electricity by wind power which requires a naturally produced flow of 5 

air from a natural high pressure to a low pressure region, this method of electrical power generation 
can take place when the vehicle is moving through air which would otherwise be still, containing no 
variations of pressure to produce a wind. The air turbine rotation being e fleeted by the action of the 
accelerated streamlined air, induced by the forward motion of the specially designed vehicle. 

1 0 The collecting of all the air in the vehicle air passage, then streamlining and channelling the ait 1 0 

through into a smaller cross-sectional area, at entry to the air turbine system, is a necessary feature of 
the process and distinguishes this process from other possible inventions where a turbine or windmill 
device may be mounted on a vehicle for the purposes of producing some electrical power from any 
potential energy that may be harnessable simply due to the relative motion of the vehicle to the 
1 5 surrounding air. Such a device would not produce a nett gain in energy, with drag forces being created 1 5 
equal to whatever small fraction of electrical power may be created by this means. Therefore, such a 
process would obviously bear no comparison to the very much more complex process of accelerating a 
maximised quantity of air by special shaping of the vehicles body in order to first increase its energy 
content before harnessing the energy. In effect in this process the energy of the moving vehicle is first 
20 given to the surrounding air in the vehicle's air passage and this energy is then given back to the 20 

vehicle via the air turbine system, all taking place in situ whilst the vehicle is travelling forward. 

This process of energy transference is apparent from a consideration of the Bernoulli's theorem, 
as applied to the streamlining of air by a moving body passing through an air passage. 

This theorem states that 

25 P t y/iv 2 -constant 25 

Where P is the static pressure of the air stream and \p\t 2 is the air stream's dynamic pressure, or 
forward kinetic energy of motion, p is the density of air. 

The higher the level of streamlining achieved, and the smaller the cross sectional area achievable 
at entry into the turbine system, the greater will be the acceleration of the streamlined air and the 
30 higher will be its velocity on entry into the air turbine system. Since the dynamic pressure is related to 30 
the square of the air velocity, rather than directly to the velocity, then a higher dynamic pressure can be 
obtained from a given volume of air in the air passage, the higher the velocity of accelerating air The 
higher the dynamic air pressure that can be induced by streamlining and channelling the air, in the 
manner described, then the higher the level of forward kinetic energy of motion induced into a given 
35 volume of air and the more the turbine rotational energy that can be obtained from the given volume of 35 
or. Thus by collecting, streamlining and channelling as much air as possible from the air passage 
through which the vehicle is moving, and then by passing the streamlined air through an optimised 
minimum cross-sectional area at entry to the air turbine system, the quantity of air for providing energy 
will be maximised and the acceleration of the air will be maximised, and therefore, its relative forward 
40 noetic energy content will be maximised and substantially increased. The accelerated air will then 40 

contain sufficient energy to not only provide power for the resistance to forward movement of the 
. hide through its air passage due to form drag - - this being the energy that one might expect to be 
stained from some other process where no streamlining and (channelling into a small cross sectional 
mea took place.-— but also sufficient energy to provide for all the other drams on [tower consumption. 

4 5 .mch as frictional drag and mechanical friction etc. 45 

Whilst in some other process form drag and frictional dray forces would probably negate the 
cower produced, in this process a further distinctive feature is that the vehicle body design and shaping 
•vill be such that suctional forces due to form drag will be concentrated as much as possible on the 
exhaust side of the air turbine rather than being apod eci to the body of the moving vehicle in mis wav 
50 therefore, the drag forces will make a contribution to the power production, rather than arid to the 50 

cower requirements of the vehicle. See also additional claim 1 A. 

Another distinguishing feature of the process is the fact that, at times, the electricity being 
produced could possibly be fed directly to the electric motor system, by-passing the battery storage 
system, but with any excess energy being stored in catteries. This would be at times when the power 
55 requirements of the vehicle were less than the power being produced bv the turbine generator-system 55 
a q. during cruising or travelling downhill. The stored excess energy during 'hese times wood 'hen be 
available to draw on when the vehicle required more power than was being generate-.!, e.q going uo 

Thus in this way one would save on energy losses that may occur m oassmy ffte eiectrcsty 
63 tbrougp a batter/ storage system. 50 

Dual air turbine system 
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turbine systems, as stated in the specification request, but a particular system which I wish to claim is 
as follows, (more fully described in the tenuest specification). 

This an turbine arrangement comprises a dual system of turbines in which a secondary turbine, 
also functioning as an air extractor fan is placed after the primary turbine in the path of the streamlined 
5 air. 5 

The two turbines would be connected by a suitable arrangement and gearing system. This 
gearing would he such that when the first primary turbine was caused to rotate by the impact of the air 
stream the second turbine, extraction fan would be caused to rotate somewhat faster and have a higher 
air displacement capacity than the air passing through the primary turbine. 

1 0 The secondary turbine would have two functions (i) capturing any dynamic pressure remaining in 10 

the air stream after passage through the air turbine, and (ii) acting as an extraction fan to give rapid 
displacement of the air to the rear of the vehicle for the removal of drag forces that may otherwise be 
acting on the body of the moving vehicle. 

Thus, the mam inventive concept here being that the sectional drag forces, always associated 
1 5 with a moving vehicle, would by this means in effect all be transferred to the exhaust from the primary 1 5 

turbine, where thev will enhance the power production, and away from acting on the body of the 
moving vehicle, when some would add to the power requirements of the vehicle. 

For the secondary turbine to perform both these functions, design and relative speed cf the 
turbines will be critical. 

20 This dual arrangement of turbines would a iso contain inherently within the system a self 20 

sustaining action, once the rotational momentum 'neruy of the turbines has been established, due to 
the slightly higher sectional action of the secondary turbine on the primary turbine. 

New claims or amendments to claims tiled on 24 1 1 .83. 

Superseded claims 1 , 1 A. 

25 New or amended claims: — 25 

1 . An air ami electrical power propulsion system, applicable to either a road or rail vehicle, in which 
the basis of the main system invo'ved is: — (i) The inducement of a maximised quantity of forward 
kinetic energy into a maximised quantity of the an ot the said vehicle s air passage using a said vehicle, 
which couid be of a vanety ot shapes, such as io cause maximised air displacement and creating the 
30 said forward kinetic energy by means ot a high degree of air streamlining, principally by the design 30 

shaping of the said vehicle Then ici convert the said kinetic energy so induced into electrical energy by 
means of an air turbine system with connected generator, suitably positioned in the said vehicle for use 
then in powering the said vehicle. The said air turbine system being generally positioned as far as 
practically possible to the rear of the said vehicle in order to facilitate for maximum streamlining effect, 

35 and said forward kinetic energy inducement into the air and the said generator being positioned and 35 
connected to the said air turbine system so as not to be in the pathway of the said air stream flow 
through the said vehicle. The electrical energy produced by the said air turbine and generator system in 
the main being fed to an on-board battery storage system, from where the electrical energy is supplied 
to the said electric motor system. On occasions though being fed directly to the said electric motoi 
40 system, (ii) The application of the said moving vehicles associated rear drag forces onto the rear of the 40 

said air turbine system at a maximised level in order to then increase upon the potential for energy 
extraction from the said air stream rlow. mainly by virtue of effecting. an increase in the pressure drop 
across the appropriate stage of the said air turaine .-vstem. (iii) The minimisation of the said rear drag 
forces acting upon the rear Poriy ot the saici •• enieie oy virtue of rapid replenishment of said vehicle s 
05 wake /one with tlu; wild air flow exiting from me said air turbine system Thereby, increasing the nett 
energy balance of the said air and electrical propulsion system. The said electric motor aspect of the 
said oiopulsion system and it s connection to the wneels ot the said vehicle, along with the steering, 
speed gearing, and other aspects such as lighting, probably being of hitherto known conventional 
design but not necessarily. 

5.3 2. A vehicle :n which the .System of Claim 1 is achieved by means of first capturing then 

streamlining the whole of the air of the said vehicle s air passage over the upper surfaces of the main 
oouv of the said vemcle in which the dnvei end passengers would be seated, from the front to the rear 
of the ,<-tii! vehicle to ■.•..mue the said air turbine svswm is positioned towards the rear. An upper 
overhead hr alow sen specially s'- iped . snoov structure being used, generally extending the entire 
- - ,. s f a.,. . j.p rev, ! p a no h'shS : m- :oh width o* We su'd ’.-eh He at the front for the purposes nf 

nuMTisinii me suphionn pf the air -he snip whole s an passage and then to aid in it's streamlining 
ir . ( . . , : - o,, v.-vmtion cn flowing rowans the e oo of me said vehicle. The said upper amt m 

oint* ' will: was In *inp iom'ino ,n .gr streamlining tunnel with the said upoer surfaces 

, a . ■ ; I, | .i j i ,, saw . , i • 1 1 s -| . s w ■ i • : i u i • ip : liiii elisions f lorn the I nil height of the saw vehicle 
f . , m ,t . . r M , ,, .... mi n We ■ : w ;h 'Saw-, n . up the Iron! ot the said vehicle to the rear optimum 

s : ■! i, v, 'educs .o . v p n- > p 1 1 ■ * sp oi 1 d i e g optimised sized said air turbine svstem 


60 



30 


GB 2 126 963 A 


30 


135 


said air tunnel, the said main body being generally, although not necessarily, of a half teardrop shape in 
the length cross-section with the largest end at the front of the said vehicle, this being a shape to give 
maximum air displacement with maximum streamlining effect. The said air tunnel being very much 
flatter at the top in the following the countours of the underside surface of the said specially shaped 
5 overhead, upper unit. The capturing, streamlining, concentrating and thereby acceleration of the air of 5 
the said vehicle's air passage causing maximisation of it's forward kinetic energy content in accordance 
with the equations: — K.E.=j p V 2 ; V & 1/Area of said Turbine entry; P f 4- p V 2 =Constant. The latter being 
the basis of the Bernoulli's theorem governing air streamlining by a moving body. The main basis of the 
concept thus being that there is a large advantage to be gained in the said forward kinetic energy of a 
1 0 given volume of displaced air of the said vehicle's air passage by an increase in the velocity, V of the 1 0 

said air due to the V 2 relationship in the aforegoing equations, which will be in excess of the air 
resistance of the said vehicle, the latter because of the said diminution of rear drag forces being less 
than normal. The. intention also being to use the hollow nature of the said overhead upper unit for the 
purposes of housing components of the said propulsion system such as generator and batteries. 

15 3. A vehicle in which the system of Claim 1 is achieved by means of initially cleaving the ai r of the 1 5 

said vehicle's air passage with the front nose of the vehicle, forming an upper and lower air flow, which 
are then streamlined over both the upper and lower surfaces of the said vehicle's main body, 
respectively, The shape of the said main body of the vehicle in which driver and passengers would be 
seated, in this case being that of a full tear drop design in the length cross section, with the largest end 
20 being at the front of the said vehicle. The two separated air flows therefore initially diverging and then 20 
converging over the said respective upper and lower surfaces of the said vehicle. Then finally 
combining just prior to entry of the said air flows into said air turbine system of Claim 1 . Tire said main 
body in this case being suitably contained within an outer structure comprising an overhead, upper 
canopy unit; a lower ground unit, the lower surface of which being parallel with, but several Inches 
25 above, the ground; and side walls, with the creation then, in effect, of two similar shaped and sized air 25 
tunnels above and below the said vehicle's main body, which in vertical dimensions first decrease fairly 
rapidly over the said large frontal end of the tear drop shaping and then, comparatively, gradually 
decrease over the narrowing end of the said main body tear drop shaping, before then finally 
combining. The dimensions of the said vehicle and said air tunnels also gradually decreasing m tlx; 

30 lateral plane towards the rear of the said vehicle, with then an optimimum sized area in the horizontal 30 
plane for the said combined air tunnel being formed just prior to entry of the said combined air stream 
into the said air turbine system of Claim 1 . The latter also being of a corresponding optimum size. The 
said upper, overhead unit having it's upper surface fairly parallel with the ground, although probably 
slanting downwards six ;htly from front to fear, in contrast to the lower surface of said overhead unit 
35 which follows more closely the steeper slant of the said tear drop shaping towards the rear of the said 35 
main body. Similalry, the said lower ground unit being so shaped. Thus each of these said units will 
increase in vertical dimension towards the rear of the said vehicle with the creation of hollow spaces, 
which would be used for housing components of the said propulsion system such as generator and 
batteries, as being similarly the case in the said vehicle of Claim 2. 

40 4 . A vehicle in which the system of Claim 1 is achieved by having a smaller, but similar inner unit 40 

to that of Claim 3, but which in this case just the driver and perhaps one adjacent passenger would be 
seated, contained inside and more towards the front of an outer structure. This sa.d outer structure 
comprising a similar said overhead upper canopy unit and said side walls to those of Claim 3, but in this 
case having a much larger lower unit in vertical dimension towards the rear of the said vehicle which 
45 would seat passengers as well as house components of the propulsion system, e.g. batteries, as in 45 

Claim 3. The upper unit also being used for this latter purpose, similarly as in Claim 3. 

5. A vehicle in which the system of Claim 1 is achieved by means of initially capturing and then 
streamlining all of the air of the said vehicle's air passage beneath the lower surfaces of the mam boriv 
of the said vehicle, in which driver and passengers would be seated, with a lower ground unit, the 

50 upper surfaces of which form, in effect, a streamlining air tunnel with the lower surface of the said mam 50 
vehicle body and side walls. This said vehicle therefore being the upside down version of the said 
vehicle of Claim 2, with respect to the streamlining of the air of the said vehicle's air passage. Thus 
similarly, but the other way around, the said air tunnel decreases from the full height of the said vehicle 
as the tunnel follows the contours of the lower surfaces of the said main body of the vehicle urst.y 
55 more rapidly then more gradually, to optimum dimensions at the entry' to the said turbine svstern of - 5 

Claim 1 , positioned towards the rear of the said vehicle. The lateral dimension also gradual^ 
decreasing from front to rear to yield the said optimum dimensions. The said lower ground uni: will 
have it's lower surface several inches from the surface of the ground, which will be virtualw parallel 
with the said ground, whilst it's upper surface will' De suitably shaped for improved siroanmnmg. 

50 crooably of a shallow convex curve shape. The space thus created within the said lower grcunu end 60 

ceing used to house components of the said propulsion system, such as possiblv battens am 
generators, as in the case of the upper, overhead unit of Claim 2. 

6. A vehicle in which the system of Claim 1 is achieved through the creation of two sep.nate an 
dreams bv the said vemcle's bodv in order to capture the whole of thljjau of the said •.•ohic:e > an 

" assaqs. thfcre bemq a lower and an upper air stream wirh earth r -aving Per own senarei os on w: 
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turbine and generator systems, in contrast to the said vehicles of Claims 2, 3, 4, and 5. The said lower 
air stream being formed at the lower front of the said vehicle by means of the creation of a short air 
tunnel, extending the full width of the said vehicle at the front, and extending several feet into the front 
of a vehicle, decreasing in lateral and vertical dimensions to optimum dimensions at entry into the said 
5 lower air turbine system, also of corresponding optimum size. This said lower system thus being in the 
position where the engine of a more conventional road vehicle would normally be placed, with the 
associated said air flow in this case exiting from the said lower air turbine system beneath and almost 
halfway along the lower surface of the said vehicle's body. The said upper air stream being created in a 
very similar fashion to that of Claim 2, with overhead, upper unit and side walls, but in this case, there 
1 0 being only about half the air of the said vehicle's air passage pass via this said upper air stream flow, 
the remainder passing via the aforementioned lower frontal system. Similarly, as with said previous 
vehicles, the spaces created inside upper and lower units being used to house components of the 
propulsion system such as generators and batteries. 

7. Where applicable, the use of a frontal air scoop in the system of Claim 1 , extending the full 

1 5 frontal width of the said vehicle(s) and extending as close to the ground as possible in order to then, 

firstly maximise the captured air of the said vehicle’s air passage, and secondly to create a partial 
vacuum effect beneath the said vehicle— -mainly for the purposes of application of the partial vacuum 
to the exits of the said air turbine systems, but also to improve upon road holding. This said frontal air 
scoop being a separate unit from the main body of the said vehicle, and being manually and semi to 
20 fully automatically liftable to the lower level of the said main body of the said vehicle(s). 

8. Where applicable, the frontal shaping of the said vehicles of Claim 1 , comprising upper and 
lower structures, being such as to create between them a venturi shaping entry in the intial approaches 
of the said air stream(s) to the said an turbine(s). The horizontal planar area dimensions of the venturi 
entry being close to, if not less than, the corresponding area dimensions of the said air turbine entry in 

2 5 order to then improve upon overcoming back pressure by the early attainment of maximised/optimum 

forward dynamic pressure in said air stream(s). 

9. Where applicable, the use of suitably sized baffles, being tear drop shaped in the cross section, 
suitably positioned, inside and laterally across the said air tunnels of Claims 2 — 6 for the purpose of 
repeatedly speeding up the said air stream inside the said air tunnels on it's approach to the said air 

30 turbine systems. The said baffles, in conjunction with tunnel shaping, by said action further assisting in 
overcoming the back pressure and in maximising the forward speed of the said air stream in the steady 
state of the said systems, perhaps partially behaving as one way vaives by said action. Furthermore, 
where applicable, the use of similar suitably sized tear drop sha'ped baffles across«the front of said 
vehicles of Claims 2 6 to assist in early streamlining formation of the air of said air passages. 

35 10. Where applicable, the use of suitably sized lateral vanes inside the said air tunnels and across 

the entry to the said air turbine systems of Claims 2 — 6, intended for the dual purpose of more 
sensitively directing the said air stream for maximising forward vector impingement pressure and to 
effect some final acceleration of the said air streams just prior to impacting into the impellors of the 
said air turbines. Similarly, for said dual purpose, where applicable, the use of an upturn shaping and 
40 possibly a corresponding downturn shaping at the end of the said air tunnels of Claims 2 — 6 , on the 
lower and upper surfaces respectively, just prior to said air turbine entries. 

1 1 . The use of either a single or a dual stage turbine arrangement in the said turbine system of 
Claim 1 . The dual stage arrangement comprising a primary turbine in the pathway of the said air 
stream closely followed by a secondary stage being suitably linked to each other and to the said 
:5 generator to effect it s rotation. The said primary stage being only that present in the said single stage 
arrangement and the turbine design therein being of either axial'br a radial r -,e. as also the units at 
; ■nth the said primary and secondary stages of the said dual arangement. In -.he latter arrangement, 
me linkage between the said two stages and the said generator oeing effected by either a oirect pulley 
.,nk between the two stages with then a single pulley to the sa : : generator shaft, or by separate puiley, 
50 nr rod connections from the shaft of each of the two said turbn e stages to the said generator shaft, 
with the gearing ratios being at an optimum for these said arrangements. The said linkages and said 
lenerator being so positioned as to cause as little impedence to said air stream flow as possible in 
accordance with Claim 1 . The said secondary stage in the said dual arrangement being of either an air 
turbine an air displacer, or a combination of an air turbine/air displacer, as the principal function of the 
5 5 '.aid swonriarv stage 

12. in the case of said axial unit designs oeing employed, the use of either one such unit or two 
sinoigt: sain units side by side, in order to then take better advantage of the width of the said vehicles of 
Claim 1 apulicable to both the said single stage or said dual stage arrangement as given under Claim 
I 1 . Them being appropriate circular shaping ot the said air tunnels in the approaches of the said 
6C Minn"'.-, to th** ww: a:; turbine systems in offer to correspond to their axial entry shapes. 

1 3. The sale air displacer function, using an appropriate unit or units in the position of the said 
secondai y stage of the said dual arramement of Claim 1 1 and 1 2, being in order to principal'/ effect 
nr i nova i of air bom ihe rear or the said prim are turbineisr. as opposed to acting in a turbinj£capacity for 
the j ) 1 1 1 a y - of ■ uorunnu residua: energy- remaining ,n the air flow on exiting from the said 
iri-.jo : ' - w." Furm. ; . more dvs sain , w ; ion:nr»r function oeing for the duai purpose of 
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maximising the pressure drop across the Said primary turbine stage, whilst in the same action effecting 
more rapid replenishment of the said wake zone with air at the rear of the said vehicles of Claims 1 — 6 
thereby improving upon the negation of said rear drag forces on the rear body of the said vehicles. 

Thus, in effect by this action, transferring and concentrating the said rear drag forces more directly just 
5 onto the rear of the said primary turbine stage, and in so doing, having the effect of also increasing the 5 

potential for energy conversion by the said primary turbine stage, in addition to the aforementioned 
action of minimising said rear drag forces on the body of said vehicles. The desired relative rotational 
speeds between the said two stages of the said dual arrangement being achieved by appropriate 
linkage and gearing ratios, using either of the said linkage systems of Claim 1 1 , and their inter- 
1 0 connecting actions being such that the rotation of one stage effects the rotation of the other and vice 1 0 
versa, as well as the said generator. There being two principal ways of applying the said dual 
arrangement, firstly by having the air displacement capacity of the said air displacer stage grater than 
the volume of air flow entering and passing through the said primary turbine stage, thereby by this 
means also creating a partial self sustaining interaction between the said two stages in which, in the 
1 5 steady state of the system, the forward air velocity of said entering air stream becomes maximised, 1 5 

leading to maximisation of energy conversion, as well as ensuring said maximum pressure drop across 
said primary turbine stage and maximised immediate said wake zone replenishment with said exiting 
air, as in Claim 1 . Secondly, by having the air displacement capacity of the said air displacer stage the 
same or slightly less than the volume of said air passing through the said primary turbine stage, and in 
20 so doing, intending to achieve some capturing of residual energy in the said air flow on passing through 2G 
the said primary stage by special design of air displacer, as well as also aiding the passage of said air to 
the rear of the said vehicles in order to better replenish the said wake zone and in so doing achieve 
some concentration and transference of the said rear drag forces onto the rear of the primary turbine 
stage. This said second action being the combined air turbine/air displacer function referred to as in 
25 Claim 11. 25 

1 4. The use of a relative speed ratio adjuster between the said two stages of the said dual 
arrangement of Claims 1 1 , 12, 13, in order to then effect ongoing optimisation of their relative 
rotational speeds according to vehicle speed, either by semi or fully automatic means. A method of 
achieving the latter being by a pre-programmed, on board, computer relaying pre determined settings 
30 electronically to the said speed ratio adjuster in response to said vehicle speed input. 30 

1 5. In cases where applicable, the use of ducts extending the full width of the said vehicles of Claims 
1—6 and creating connection between the said underside partial vacuum, as caused by the said frontai 
air scoop, and the said air turbine system .in order to then appl'y the said partial vacuum to the inter 
zone region between the said two stages of the said dual arrangements of Claim 1 3, for the purpose of 
35 maximising the said pressure drop across the said primary turbine and, therefore, the energy 35 

conversion potential of the said system. Similarly, the use of said ducting arrangements applied more 
directly onto the downward stroke of either the said primary stage, secondary stage, or both said 
stages in the respective systems of Claims 11,12 and 1 3, with the intention of similarly achieving 
increased energy output. The underside floor shaping in said vehicles, being such as to improve the 
40 said partial vacuum, suctional, effect. For example, by having downturns on the underside front edge of 40 
toe said ducts. 

1 6. Similarly, and in cases where applicable, the use of upper ducting arrangements extending 
tne full width of the said vehicles of Claims 1 — 6 and creating a connection between similar regions of 
t- said air turbine system as those for Claim 1 5, and the rear topside surface of the said vehicle, 

45 • rereby being exposed to the surrounding air. The suctional force in this case being created bv the tapir* 45 

.. .v of said surrounding air over a special hump shaping on the said rear topside surface, extending me 
•'ci! width of the vehicle ind having the said exposed ducting at or near its peax. Similarly, for tne 
purpose of maximising the energy output of the said systems of Claims 1 — 6. 

1 7. The possible tr a of sliding covers in suitable combination with the said ducting arrangements 
50 of Claims 1 5 and 16 in < ter to then facilitate for variable adjustment of the said ducting's ebective 50 

width-, and thereby the t -ctive said suctional force created by the said ductings, for the purpose then 
of optimising said suctic ' ;l force for the rotational speed of said air turbines, air displacers, and the 
speed of said vehicles. T is be rg achievable by a semi or fuliy automatic method, possibly by means c‘ 
a choke type of adjustment mechanism or more electronically, perhaps again via a pre-programmed 
55 on-board computer, having predetermined settings relayed in accordance with monitored sain speeds. 55 
as used in Claim 1 4. 

1 8. As an advancement on more conventional designs, the possible use of special desions for f he 
said air turbines in the systems of Claims i — 6 with respect to their impeilors. particularly M sain 
systems in which said rad i a i turbine types are being employed, when it >s considered the sc eciai 
60 properties of laminar air flow could be used to good advantage e.g. laminar layering, as renews'- 'a 1 60 

the apoiication of - ift and drag forces onto shaped impello r s of a wing desmo. cerabaliv fixed end 
oossibiv in combination with said entry vanes for improved direction of a«r now: dj. simmo!,. the 
ossicle apoiication of said lift anffedrag borces onto convex curved imnnors which will also am 
n - o a $ 0 ci s 1 4 r ? 3 o c 3 r p 3 t o r t h 3 m 3 i n irnoi p . *3 o m p h t pro <.■>. su r o : i a th *3 i ! s 0 1 ) r 0 ■■ : 3 v 0 x ' : t c \ 0 <1 ■ 0 ' ^ 0 1 ■ p* r s 
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which are offset from centre and either overlap slightly in the central region or overlap up to halfway 
across with the creation then of a void central zone in which a central convex of air will 'roll' up during 
use. Thereby probably improving upon the extraction of energy from the said air flow. This feature 
possibly being coupled with said effect given under (b): (d) a combination of (a) and (b) in which wing 
5 shaped impellors, slightly convex curved, are offset from centre sa as to also create said central vortex 5 

in use. Thereby combining and maximising all the possible forces and effects that could result in 
improved extraction of energy from the said air flow. Possibly also in this case the use of underside 
flaps. 

1 9. The possible use of a specially designed unit in the said second stage of the said dual 

1 0 arrangement given in Claim 1 3 for the purpose of performing the said dual function of air turbine for 1 0 
extraction of air flow energy and air displacer. This being achieved by the use of short impellors in the 
central region of a said radial design unit in between full length impellors. The former being for the 
purpose of capturing said air flow residual energy and the latter mainly for the purpose of air 
displacement The relative impellor rotational speeds at centre and periphery and the relative 
1 5 positioning of the said two stages being such that the periphery of the said air flow on exiting from the 1 5 
said primary stage, where most of the said residual energy is likely to be, will impact into the relative 
slower moving short central impellors, whilst the said larger impellors will mainly carry out the said 
displacement of air, being faster moving relative to the said air flow towards their periphery. This said 
special unit possibly being used in combination with said ducting arrangements, especially acting upon 
20 the downward stroke of the said primary stage. 20 

20. The usisof very friction free shaft bearings on the said primary and secondary stage units of 
the said air turbine systems of Claims 11,12 and 1 3, with the possible use of continuous light oil drip 
feeds to the said bearings. 

2 1 . The use of aerofoil deflectors across the rear of the said vehicles in order to aid the exiting air 

25 from the said air turbine systems of Claims 11,12 and 1 3, in the removal of said rear drag forces on 25 

the said vehicles bodies and to help direct the said drag forces onto the said air turbine system exits. 

22. The possible use of an optimum number of smaller generators appropriately linked to the 
systems of Claims 11,12 and 1 3, as opposed to the use of one larger generator, in order to then 
possibly lower the back pressure effect of the overall back EMF on the velocity of said air stream. 

30 23. The possible use of a variable gearing system between the said air turbine systems of Claims 30 

11.12 and 1 3, and the associated generator system in order to then maintain a more constant and 
optimum said generator system rotational speed for a variable said air turbine system rotational speed. 
Thereby better achieving peak said generator system output performance over the range of said 
vehicle, and therefore said air turbine system, speeds, i.e. the maintenance of maximum torque 
35 equilibrium between applied said air stream force effecting forward rotation and the back retardation 35 
effect of the said back EMF. This inclusion possibly being a further function of an on-board pre- 
programmed computer, which electronically effected pre-determined said generator system speeds in 
accordance with said air turbine speed, similarly as employed under Claims 1 4 and 1 7. 

24 The inclusion of a reserve second battery bank operating in conjunction with the said main 
40 battery system given under Claim 1 in order to then better maintain the battery electrical suDpiy 40 

efficiency over a longer period of a journey in which energy usage exceeded energy production by the 
action of changing over to the said second battery bank at times when the efficiency of the said main 
natter, bank become lowered due to a lowering charge on the said main system, and vice-versa. 

Monitoring of stud battery efficiencies and the change over, possibly being another function of an on- 
45 board computer. 45 

2 5. Tlie possible inclusion of a change over system on the said generator system given under 
Claim 1 to facilitate for a direct feed electrical supply to the said electric motor system, with any 
surplus electricity being fed for storage in said battery systems, at times when the said generator 
system was producing more electricity than was required by the said electric motor system m use. 

50 Thus, bv this means reducing energy losses dtjf to inefficiencies of said battery systems. 50 

2 6. The possible use of high impact non -hi eakabie glass fot the said vehicle bodies of Claims 
1 6 and for various components of the said easterns therein such as the turbine impellors. as an 

alternative to the us*pof more conventional matenuis. 
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Viiualitinic auto. povarad »ith comptimd ait kidIoii, Ch.rlai 
Hunt, Sprinffiald, Mo., invantor, built ihia modal motor to 
piova iltaoriaa. Tank at richt atotaa comptatatd air supply. 

A CTUATED by the rocking and swinging of 
. a moving auto, pumps attached to the 
auto's shock absorbers compress air in tanks 
and supply power for turning crankshaft of 
a model automobile engine developed by 
Charles Hunt, 67-year-old inventor of 
Springfield, Mo. Two reserve air tanks, fill- 
able at service stations, are part of the en- 
gine’s equipment. 
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